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Black Bellied Plover in Breeding Plumage
Pluvialis squatarola
10%" - 13%" 27-34 cm

Plovers are more compactly built, and
thicker necked, than most sandpipers,
with shorter bills and larger eyes.
whitish wing-stripe, rump, and tail, and
black patch unaer the wing visible in
flight, Found on sandy .beaches and
mudflats along salt water; visits open
inland marshes and fresh water shores,
They winter on Washington coasts.

Drawing by Tony Angell

Co-Author of Birds and Mammals of
Puget Sound

University of Washington Press
Reprinted by Permission
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FOREWORD -

Science and its attendant technology have come to define a way of thinking
and 1iving that- stands as a cultural signature for Americans. The
scientific endeavor affects us all as it continues to provide a major frame
of reference for human progress. The “influence of science will not lessen
during our lives. As our population enters the third millenium, it is
essantial to know this mode of thought and action. We must be able to
participate with science and technology as knowledgeable decision makers
and as competent professionals. :

To this end the State Board of Education adopted in May 1983, increased
graduation requirements and requested my agency to prepare program
suggestions and curriculum guidelines to match the graduation requirements.
The State Board of Education also stipulated that the guidelines should
reflect the desire to achieve excellence across both academic and
vocational areas, and to prepare studeats with the skills required for
college and work.

Many hours have been given in order to reach consensus on these guidelines.
I congratulate the educators whose names appear on the pages of this
document for their excellent work. These guidelines provide a thoughtful
descriptive approach to a science knowledge base, and to the skills and
attitudes of basic science education for the learners of our state.

Frank B. Brouillet
Superintendent of Public Instruction



' PREFACE

This curriculum too! was initiated with a decision by the Superintendent of
Pubiic Instruction, with support from both the State Board of Education and -
the Wwashington Legislature, '

The Guidelines reflect many perspectives. The most significant influence
throughout comes from practicing classroom teachers from all parts of
washington, They served as writers for this document, A wide variety of
resources were available to those writers, but the major foundation for the
direction they chose came from curriculum guidclines documents produced by
State Departments of Education in MNaryland, Delaware, and California.
Research wWith Reach: Science Education, from the Appalachia Education
Laboratory was used extensiv~ly, and certainly, the influence of Dr. Paul
DeHart Hurd was fundamental, '

The process began when teachers were recruited to participate on planning
and writing teams. The real work started when they came together to
establish the direction for Science Educatiori, and to develop the details
in the following pages. The working groups met at several 1locations
throughout the state, and in every case, the people who worked on this
project agreed that the kind of science education reflected here must be
academically rigorous, pedagogically sound, and responsive to the needs of
individuals and to their society.

Wwe applaud their insights and thank each person who barticipated in the

Guidelines for trenchant hard work, and especially for a significant and
creative professional contribution,
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INTRODUCTION

The thought provoking ideas in these guidelines are presented with a "broad
brush™ approach in order that the reader may realize a more comprehensive
perspective of Science Edqu;ion. The developers didn't -expect anycre to
teach from this document,” so the level of information here is quite
general, Those writers and designers did expect individuals and committees
Lo use it as an information base and for planning. Use it as you analyze
existing programs, work to select a commercially developed instruction
programé or to begin development of a science program for a school c¢r a
district. -

The organization of information in the Guidelines begins with a science
curriculum framework and 1is followed by statements of learner output
arranged in four grade band sections; primary (K-3), intermediate (4-6),
junior high/middle school (6-9), and senior high school (9-12). The detail
within each grade band 1is .hierarchial and quite straightforward, The
four PROGRAM GOALS operationally describe science education in %he most
general terms. Each goal frames an area within science education that is
responsive to the societal demands noted ir the Philosphy statement on the
following pages.

Each Program Goal has from four to six GENERAL OBJECTIVES that presert a
more finely tuned analysis of the learning necessary for Science Education,
and serve to achieve that specific program goal. Both the Program Goals
and General Objectives are presented together on the following pages a- a
FRAMEWORK which, when taken together with the philosophy, present a
comprehensive perspective of the content and intent of Science Education.
Beginning with the Framework, the writers looked more closely at what
students should be able to do after instruction, and the implications those
outcomes have on the instructional act. :

LEARNER OQUTCOMES describe student learning at the curriculum level, and
give the reader a perspective of the student after instruction. These
statements certainly don't exhaust the possibilities of student learning,
but characterize one or more facets of a student's capability in relation
to the goal and objective noted above.

The Goal' Objective and Learner Outcomes takan together provide a basic task
analysis that should assist the readers to begin their own planning and

analysis in order to develop local programs. The next level of analysis

should bring the wuser to instructional objectives, one that is not

reflected in this document,

Each Learner Qutcome is matched with one or more INSTRUCTIONAL IMPLICA-
TIONS. The Instructional Implications take up most of the space in this
document;, a fact that reflects the emphasis that is placed on the impor-
tance of the educators' insights into their role in helping the learner to
achieve., These Instructional Implications (Il.1.) are correlated to the
Learner Qutcomes (L.0.) by number, so where the reader sees L.0. #2.
[.I. #2 below will be related directly. L.0. #3 relates specifically to
[.I. #3, -etc. The Instructional Implications truly follow-up the
philTosophical keynote that insists Science Education emphasize direct
experience with natural phenomena.
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A graphic example of the format and its hierarchial elements fcllows the
Framework, and serves to provide the reader with visual clues to the .
organization of information in the learner cutcome sections. '
#

Three apperdices are included which treat (A) Description of Science
Process Skills, (B) Resources, and (C) The Nature and Language of Science,
The Processes of Science, and insights into concepts, theories, and laws
form a reference base that complements the Program Goals and the content
base reflected in the General Objectives.

The continuing equity needs of our ‘culture were reflected in many comments
by the writing groups and review teams. Their recommerdations underscore
the need for continuing concrete efforts to provide equal opportunities in
science education for every student. Teachers are the key to quality and
equity in the school setting, and they will make the difference in how
science education is able to contribute to the full ‘development of human
potential by encouraging traditionally underserved populations to take part
more fully in these academic opportunities. Gcal #4, Objective D speaks
directly to this continuing concern,

One additional element was noted with regard to the instructional
implications of equity. Bias avoidance must be a prime-consideration for
presenting science content to students with limited English proficiency.
Teachers saould consider an approach that adapts science instruction and
materials to provide equivalent science experiences to limited English
proficient (LEP) students. The emphasis should not be on modifying the
science curriculum for LEP students, but rather on adapting instruction and
materials,

The following practices are recommended: .

1) assign peer tutors (native bilingual or English speaking);

2) wuse bilingual aides, specialists, or parent: ’where available);
3) first teach the vocabulary needed, then teach content;

4) emphasize hands-on activities and use of visuals; and

5) allow both oral and writter responses, and evaluations in their
primary language,



SCIENGE
EDUCATION

SCIENTIFIC
LITERACY

TECHNOLOGY

PHILOSOPHY

There is cledr evidence of a growing consensus in what consti-
tutes the appropriate direction for Science Education. In
addition to contributing to the development of intelligence and
to the general goals of academic preparation, our society is
demanding more from Science Education., Educators must continu~
to reflect both the scientific endeavor and the enterprise of
technology acurately;, in addition, we must teach all students
generalizable intellectual 'skills such as problem solving
procedures and inquiry processes in order that these skills may
be applied to the real world.context of personal and societal
decision making.

Those outcomes reflect the emergent concensus, and their
dchievement contributes toc the development of scientifically
literate citizens who understand the natural world, and how
science, technology and society influence one another. As a
result of that understanding, they are able to participate more
effectively in their society. Scientific literacy is
predicated on 1) a knowledge of the content of science,
2) competence in the processes of scientific operations, and
3) the creative capability to interpret and apply data to
personal needs and societal issues.

Technology on one hand deals with elements of design, and its
application to the built environment, It involves a synthesis
of knowledge and skills from the sciences and the humanities in
pursuit of practical tasks.



SCIENCE

THE ROLE

On the other hand, science is the product and process of the
efforts of humans to understand the natural world, Beginning
with. the assumption that nature 1is not capricious, people
observe the natural world and through a creative, rational
process of inquiry, they construct infecences that organize
their experiences and identify relationships, This process
develops scientific knowledge, progressively building on

earlier knowledge and experiences. But, scientific knowledge

remains tentative. It is always subject to revision required
by new observations that do not fit the old theory and by new,
simpler, rational organizations of existing observations.
Scientific ideas .and processes are communicated to other
segments of culture for the dual purposes of developing general
understanding of’ ' the world around them and applying the
understanding to ‘the betterment of life for all participants in
the ecosystem.

The role of Science Education in the overall program of
studies, in addition to helping develop applied intellectual
capability, is to serve an integrating irole between and among
disciplines and to reinforce learning in other subject matter
areas, By coupling the understanding of scientific subject
matter itself with the insights gained in mathematics, social
studies and the humanities, the goals of general education may
b more effectively achieved.
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SCIENCE CURRICULUM GUIDELINES
FRAMEWORK '

Bonaparte's Gull in Breeding Plumage
Along the Saratoga Passage in Puget Sound
Larus philadelphia

12" - 14"

Drawing by Tony Angell

s 14




SCIENCE CURRICULUM GUIDELINES
FRAMEWORK

GOAL #1

DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPT1S, PRINCIPLES,

THEORIES, AND PROCESSES OF SCIENCE.

A. - Acquire the techniques of using the processes of scientific inquiry,
B. Prac;icg applying the knowledge of the content of the major scientific
disciplines in areas of 1ife, physical, chemical, and earth/space

science.

C. Demonstrate understanding of some basic generalizations,
relationships, and principles applied to all sciences.

D. Enhance problem solving skills by analyzing social/environmental and
technological probiems.

GOAL #2

DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND IN GATHERING
AND COMMUNICATING SCIENTIFIC INFORMATION,

A.

Assemble and handle laboratory apparatus, tools, materials and living
organisms in a ckilled and responsible manner, giving due attention to
safety.

Gather qualitative and quantitative information,

Record observations accurately and organize data and ideas in ways
that enhance their usefulness.

Apply appropriate mathematical concepts and skills in interpreting
data and solving problems.

Communicate with others in a manner that is consistent with scientific
reporting.

[dentify sources of error, inconsistencies in measurements, and other
threats to the validity of findings.

15



GOAL #3
DEVELOP AND APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SKILLS.

A. Acquire the abiiity to Fol1ect and process data.

B. Acquire the ability to generate ideas.

C. Apply ideas and/or dataito situations and problems.

D. Uses procedures for checking generated ideas and solutions,

E. Anticipate future situations and problems.

GOAL #4

DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL
[NVOLVEMENT OF THE INDIVIDUAL WITH THE ENVIRONMENT AND SOCIETY.

A. Acquire a positive realistic self-concept.

B. Acquire an awareness and appreciation of beauty and orderliness in
nature,

C. Participate actively in identifying and solving societal problems
related to science and technology.

D. Acquire knowledge of the interrelationships between science,
politics, economics, religion, and other aspects of culture,

E. Acquire an appreciation for science related careers and science
learning throughout one's life.

16




A GUIDE TO THE DESIGN AND USE OF LEARNER OUTCOME PAGES

1, PROGRAM GOAL: Ildentifies one of four major areas of the
science equcation program,

2. GENERAL OBJECTIVE: Describes the learning in the most
general terms,

3. LEARNER QUTCIME: wWhat we want the student to know, be
able to do or have an attitude about after instuction.

8. GRADE LEVEL |

0BJECTIVE® D. Apply appropriate mathematical concepts and skills in 1nterﬁret1ng data and solving problems,

LEARNER QUTCOME® 1. Apply appropriate algebraic, geometric, and statistical techniques to manipulate data.
2. Use measured data t@derive mathematical expsressions to describe phenomena,
3. Manipulate appropridte mathematical relationships to sulve problems,
lNSTRUCTlONAu‘lMPLICATIONS
PHYSICS . CHEMISTRY . \ LIFE . EARTH/SPACE

The teacher should proviadpopportunities:

1. to review math skills kuch as dimens{onal analysis and g‘ve

xamples of how the data can be manipulated through math
procedures, (Collect 3spta and apply fo:

i.e, pendulum |aw Perfect Ggs Laws population dynamics such hydrostatic equation, heat
Newton's ®a4s asigrowth rate densities, capacity of water, latent
and distribution heat of fusion and evapora-
tion
2. for the student to madrpulate data generate a mathematical Relationship, e.g.:
i.e, centrypetal force Charies' |Law Calorametric Enzypatic reactions vs. water wave speed experi-
experimentg current, experimeqts tempgrature changes ment, absorption of light

resistence pnd potential

in water for different
difference §in electricity

wave lengths; using P and §
waves to determine the
locus of an earthquake

3. to applA mathematica! @rinciples t

solve problems in science, e.f.:

1.e, calculages rates in Derive golar volumes from calculates population trends Calculate Doppler shift

motion experYments measurempents of gas col- from data-Hardy weinberg by measuring rate of
lected |n a stoichiometric equation, surface to volume shift toward the red end
reactiop. ratios qf cells of spectrum,

T

5. INSTRUCTIONAL (MPLICATIONS: [ssues that teachers may
consider in designing instructional programs,

6. Direct relationship exists between each instructional
implication and the learner outcome of the same number.

7. Implications that apply to all! four content areas,

3. 9y day of illustration an example is provided to clarify
the meaning of the .1,




. LEARNER OUTCOMES

PRIMARY
K-3

Black Bellied Plover
Drawing by Tony Angell

18

o 11
ERIC

Full Tt Provided by ERIC.



* SP1--SCIENCE CURRICULUM GUIDE «-3

ﬂiGOAL #l: !DEVELDP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCE.
OBJECTIVE;
LEARNFR QUTCOME:

A, Acquire the techn1ques of using the proces es of scientific inqulr/.
learn %o
learn to
learn to
learn to
learn to
learn to
learn to
learn to
learn to
learn to

Students

« Students
" Students
. Students
Students
Students
Students
Students
Students
Students

make obServat1ons using all their senses.
classify data on the basis of their observatdons

communicate data in written and oral form.
discuss their observations,

formulate explanations for ubserved events,
intérpret data based on new information,
predict a result based on known data,
modify a predtction based on new data,

test predlctlons through experimentaticn,

INSTRUCTIONAL IMPLICATIONS

1.
2
7.
4
5
6
?
8
9
0

1

Ha VP -

., et ey e

use numbers to order data in a logical, meaningfu)l and sequential manner

PHYSICAL SCIENCE ' . LIFE.

EARTH/SPACE

Il

'y

o

Provide ample and varied experiences for students {e.g. field trips, activities).

. Provide a variety of charts and graphs for students to practice recording data.

. Alow time for'students‘to report orally and in written form, results of Observations.

Prepare several seeds

by putting some on a dry
paper towel ard some on
towel that is kept damp
Inference: Water is neces-
sary for seeds to grow.

i.e. Put iron natls in a glass of water overnight,
.nference: Metals change/react in water.

. Teacner will help students reintarpret known data based on additional informa;ion.

f.e, Pyt a1 new penny in same glass of water,
Inference: Not all metals cnange.

Put some of the germinated
seeds in soil and leave
some on the. paper towel,
Inference: Soil provides a

- food that is necessary for
seeds to grow,

. Teacher w111 juide students to make predictions based on known data.

Predict that water and soil
(& sunlight) are necessary
for plants to grow and
thrive,

i.e. Predict iron will rust (change/react), but copper
4111 not <hange,

. T2acner atll encourdage students to modify a prediction based on new data.

Put a fern in direct sun-
1ight or overwater a seed
or plant, Infer that an
excess of basic needs can
damage or destroy some forms
of life,

.2, reep 4 new penny in water for a week.
4117 tarnish lpeact),
.nference: 5S0me metals react faster than others.

The penny

Teacher w11l nelp students set up experiment to test their prediction,

Test several plants for
their tolerance to direct
sunlight or total darkness,

1

See how long 1t takes for different metals to

K-
‘.‘dC .

. Provide opoortunities for students to group objects according to previously agreed upon criteria,

. Organize small groups to share and compare their recorded observations and discuss differences and similarities,

. Teacher ail1 provide many opportunities to generate explanations (inferences) based on known data.

Beaches and streams contain
sand, Where does this come
from? [nference: Sand
comes from the breakdown
of other rocks. "

Observe that sandstane or
conglomerate is made up of
small pieces of rock,
Inference: Some rocks are
made of sediment {pieces of-
otuer rocks ).

*Students can break apart
a piece of sandstone to
demonstrate,

Predict all
are hard.

rocks/minerals

Observe that some rocks/

minerals are softer than
others,
Test the hardness of various

rocks/minerals by using g
fingernail, nail, penny ind
qlass,

SRS FI;Sroommm ey
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L SP1--SCIENCE CURRICULUM GUIDE K-3 . _
. GOAL #l: (QEVELOP AND APPLY fNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, THEORIES, AND PROCESSING OF SCIENCE.

IHOBJECTIVE: B. Practice applying the kiowledge of the content of the major scientific disciplines in argas of life, - AR,
physical, chemical, and earth/space sciences, - %

_ LEARNER QUTCOME: !, Students gain knuwledge ia the areas of physical science, life science and earth/space science. -

INSTRUCTIONAL IMPLICATIONS

PHYSICAL SCIENCE | . LIFE . EARTH/SPACE

—

1. Teachers will provide opportunities for students to observe, explore, experiment and relate ideas to promote understanding
in the major sciance content areas, :

1,2, states of matter, reactions of matter, concepts structure, function, and weather, earth materials..

of tight, nagnetlsm electricity, and force and diversity of plants and marine environment and
motion , N animals, ecological space
relationships ' SR e
L R R AERET L L 2 TT - = X

~ OBJECTIVE: C, Demonstrates understanding of some basic generalizations, relationships, and prlnciples applied to ail
science! .

LEARNER OUTCOME: 1. Stucents gain knowledge that will lead to an understinding of basic natural cycles and systems,
2. Students learn concepts of form and patterns such as; circles, polygons, chains, grids, Splrd]:, etc.
3. Students understand the basic concepts of commun1t1es (integrate with social studies),.

INSTRUCTIONAL IMPLICATIONS

PHYSICAL SCIENCE . LIFE , . ___EARTH/SPACE

.. atrurtdre nands on experiences and group discussion opportunities 1»ading to the development 01 an understandlng of basis
cs/cies and systems.

i.e. watarcycles life cycles of butterfly. seasonal cycle, solar system,
frog, etc. water cycle

2. Teacner w111 provide hands on experiences and group discussion opportun1t1es leading to the development of an
understanding of form and pattern,

“ia, ergzstal qrowth ' . cell growth, sea shells snowflakes

1. Teacher #i'! provide hands on experiences and qroup discussion opportunities leading to the development of an
“anderstanding of communities and their needs.

1.4, polution food webs, pond life ecology

T TS 3T TOESTST = = £ P
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L GOAL #2: DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND IN GATHERING AHD COMMUNICATING SCIENTIFIC INFORMATION.

OBJECTIVE: A, A-semble and handle laboratory apparatus, tools, materials and 11v1ng organisms in a skilled and rﬁ:pons 7"_u;;;
' manner, giving due atteation to accident prevention, ) s

LEARNER QUTCOME: 1. Student learns to use measuring tools calibrated in standard U.$. and metric systems to collzct data fin

. ' a skilled manner,
TS 2, Student tearns to operate and use equipment in a safe manner when doing science,

INSTRUCTIONAL IMPLICATIONS

EARTH/SPACE

e acas

R PHYSICAL SCIENCE . LIFE .
1. Jrganize frequent opportunities for students to use appropriate scientific equipment,

1.4, thermometers, stopwatch, scale, measuring cups, anemometer

1

2. tegularly provide instruction in safety related to science activities and materials,

i.e, heat can burn, unknown substances should not some plants are toxic rocks can injure

be tasted animals may bite

. . .
EL L F AT IO

-y a

OBJECTIVE: B. Gather gqualitative and quantltative information,

LEARNER OUTCOME: 1. Students learn to use observatton skills for data collection, and urganizational skills to order
qualitative and quantative infornation from a variety of sources,

INSTRUCTIONAL IMPLICATIONS

R

PHYSICAL SCIENCE . LIFE . EATH/SPACE
l. Teacher will provide many concrete activities for student involvement,
v.e, similarities and differences between states of similarities and differences environmenta! changes is
between living and non-living rainfall, cloud patterns,

mattar (s0lids, liquids, jasses)
organisms identify and count errosion, dair temperature

pooulations of living things

TR e mg e—ey -

OBJECTIVE: C. Pecord observations accurately and organize dala and ideas in ways that enhance their usefulness,

" - LEARNER OUTCOME: 1. Students learn to record and organfze date and ideas in a useful manner,
1 INSTRUCTIONAL [MPLICATIONS
PHYSICAL SCIENCE . LIFE . EARTHU/SPACE .. _.

Lreate and atilize g variety of record keeping devices for the students such as Jraphs, diagrams, charts, .ce.

i.e, 7hanges in the states of matter, weights and Tivina & non-living wadther changes

31285 of objects things in the clas<--om

15 <1




SP!--SC!ENCE CURRICULUM GU!DE Ke3

~‘GOAL ”:
OBJECTXVE D. Apply appropriate mathematical concepts and skills in interpreting. data and solving problems,
£ LEARNER OUTCOME:

DEVELOP SKILLS IN MANIPULATXNG MATERIALS AND EQUIPMENT, AND IN GATHERING AND COMMUNICATING SCIENTIFIC INFORMATION.

INSTRUCTIONAL 1IMPLICATIONS

3
T
~k
s

RN e
a2 o

1., Studénts learn to apply mathematical skills and concepts to 1nterpret data and solve problems,

PHYSICAL SCIENCE .

LIFE

. EARTH/SPACE

1. Make available an abundance of problem-iolving activities leading to the understénding and use of strategies such as the
foilowing:

de ==

bo e

Jo o=
K, a=

i,e

looking for and using patterns,

constructing t bles, cha}ts. and graphs;

using estimation ukills;

making'organjzed lists:

acting out problem situations;

guessing, testing, and evaluating; .
drawing a picture or making a ‘mode] of a machine or a
solving a s° pler or similar problem,

brainstorming;

logking for counter examples;

wor<ing backwards from results.

meaSure the amout of time it takes for ice un

melt to a 'iquid and t r water to change to steam

1510y

a constant heatin, rate

process;

count the number of living
% non-living things in the
classroom -- divide into
related groupings

i am o c——

compare suapes, color,
density, and texture of
rocks

e
o
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'wmmommwmuummmmmmmmwwmmmummmmmwmmmmmmmummmn

. OBJECTIVE: E. Commun1cate with o;hers in 4 manner that is con51stent with scientific reporting, _ - _ 5

- AT
P

S _LEARNER QUTCOME: 1. Students will 1earn to communicate data in written forms (graphs, d1agrams, equations,. words) and ‘ ::
o through oral discussion, . )

INSTRUCTIONAL IMPLICATIONS

PHYSTCAL SCIENCE . LIFE . EARTH/SPACE

1. Provide opportunities for students to use mathematical skills and concepts to comnunicatg data by:
3, writing a statement explaining and reporting their findings.,

b. orally interpreting trends and relationships from graphs describing 1iving and non-1iving objects and processes.-

1.e. weight of objects versus size of objects made width of tree growth rings usv weather chart to report . .-
from uniform material versus .years the number of sunny days or’ .
e m T rainfall and temperature

e e e e T T pattern in the month

OBJECTIVE: F. l!dentify sources of errar, inconsistencies in measurements, and other threats to the validity of f1ndings
LEARNER QUTCOME: 1. Students learn that it is easy to make errors when doing science if extreme care is not used.

INSTRUCTIONAL IMPLICATIONS

-

PHYSIC/L SCIENCE _ . LIFE . EARTH/SPACE

.-Provide opportunities for comparison of resu1ts 1ead1ng to an understanding that one must check for error {accuracy of
2quipment, human error, personal bias). ) -

1,2, students build and use barometers and compare students measure weiqght students record weather
findings aqgainst commercial barometers and local to height ratios or wrist data and cgmpare findings
aablished weither data diamater to forearm length v $

of classmates

' .
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) srx--scxeuc: GURRICULUM GUIDE K-3
" GOAL 13. DCVELOP AND APPLY RATIONAL, cnzmvs AND CRITICAL THINKING snuu.s.
’*OBJECTIVE. A, Acquire the ability to collect and process data,

LEARNER OUTCOHE. 1. Students will understand how data collecting and organ1zation skills are used to obtain and order , ol
- . information, 7 P

' INSTRUCTXONAL_ IMPLICATIONS :

PHYCTAL SCIENCE . LIFE : . EARTH/SPACE ¢

. Teacher will provide opportunities for students to co11ect data and utilize graphs, diagrams, and charts to record thEIP -
observations .

‘i.e, co!lect data on relationships between water level collect seeds and‘clas- weather observations Q

__ _in g, 3lass and the tones produced or weights and lever sify according to specified changes in tide level S
arms with a simple balance beam _ characteristics ' N

;
0BJECTIVE: B. Acquire the ability to generate ideas. o e,
LEARNER OUTCOME: 1. Students will understand how creative thinking processes are used to generate iqeas,
INSTRUCTIONAL IMPLICATIONS

PHYSICAL SCIENCE . LIFE . EARTH/SPACE

L)

1. Teachers will provide oral discussion topics (brajnstorming) to develop a variety of ideas, addressing a common problem,

_i.e. how to divide, manage, and use water and energy
rasources of the edrth

<

: %
OBJECTIVE: C. Appls ideas and or data to situations and problems. Y

-

LEARNER OUTCOME: 1. Students will understand how data and rational thinking processes are applied to +ing a variety of
situations or problems. 3 '

’,l
INSTRUCTIONAL IMPLICATIONS

e PHYSICAL SCIENCE . LIFE . EARTH/SPACE _
1. Toachers #ill provide opportunities for students to review information, set up a problem, and use questioning strategles
ts propose solutions, . . /
1.2, magnets, simple levers pros and cons of feeding solar energy reldfdonsﬁip
: birds in the winter between sun and earth, use

%4¥ ing vread of solar heating /
irrigation and crop produc-
tion

18
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55 °- §P1.~SCIENCE CURRICULUM GUIDE K->
5. GOAL #3: DEVELOP AND APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SKILLS.

i “_S;QBQECTxVE:_ D. Use procedures for check1ng generated 1deas and so»utxons.

LEARNER QUTCOME: 1. Students will recognize the’ value of SubJeCtlng data and ideas to others for testing and review,

ISR

INSTRUCTIONAL IMPLICATIONS - S
B PHYSICAL SCIENCE . LIFE . _EARTH/SPACE .
il_ ' . 1. Teacher will provide small-qgroup opportunities for students to practice having their ideas and data reviewed, checked e
B and/or edited by others, . - -

OBJECTIVE: E. Anticipate future situations and problems.

LEARNER OUTCOME: 1. Students will understand how questioning and creative thinking strategies are used to predict possable
. future situations and problems. .

INSTRUCTIONAL IMPLICATIONS

PHYSICAL SCIENCE i s LIFE - EARTH/SPACE

1. lUse questioning and creative thinking strategies to encourage students to predict future situations and problems,
i.e, heat hottle with balloon attached to opening : simulate caterpiller going build a model spacecraft, :
through life cycle 1ist necessary supplies 4

-

c
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> §P1.-SCIENCE CURRICULUM GUIDE X-3 . B ‘ ' . ‘ : .
. SOAL #4: IO DEVELOP VALUES, ASPIRATIUNS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDIVIDUAL WITH THE .
_ ENVIRONMENT AND SOCIETY ‘ _ R
OBJECTIVE: A. Acquire a positive r01115t1L selfec oncept. . - '
e . < 3
LEARNER OUTCOMC: 1. Achieve attitudes and behaviors af a self-directed learner. ) .
2. Demonstrates and values personal decision making. c
3. Relate concepts qf science to their own wor]d.
INSTRUCTIONAL IMPLICATIONS i
e _PHYSICAL SCIENCE . LIFE : . EARTH/SPACE

L. Proviie opportunities to carry out a project/experiment independgg;ly.
i,2, hands on items to be-explored in d_science corner

2, Provide opportunities for students to carry out a project/experiment in a small group setting,

< 3, Fegvide aungrous Individual ands smatd group'opportunnties for students to question factual knowledge; classify obsurvia-

ons, grgantze data, and pa:tIrtpate tn an experiment; use graphs, forms and charts to collect data; and usa their
new :o“ncted data to form an original conc1u51on. 5

Q8JECTIVE: 8. Acqu re an 3wareness and appreciation of beauty and orderliness in nature.

LEARNER OUTCOME: 1. Enhances the desire to question, know and understand the natural world, kS

1
Iy
2. Encourages a sense of wonder about the environment, ' ) ’

INSTRUCTIONAL IMPLICATIONS

PHYSICAL SCIENCE ' . LIFE : , EARTH/SPACE

-———— . s = a =

aprtitize an 5rtuatinns that promote questions asd small group discussions and sharing about the natural world,

T, Teeats gn gtmgsphere through personal example and activities that promote increased appreciation of the environment,

. o .
b e TECTEL g R W ¥ T TRTETE S Lo X TESYRIENOCATIA XU SSIX S AT e

OBJECTIVE: C. Purticipate actively in identifying and solving societal problems dependent on scien. e and technology,

LEZARNER OUTCOME: 1. Nevelop cooperative stillé in working within a group.
INSTRUCTIONAL IMPLICATIONS - T

PHYSICAL SCIENCE ' . LIFE . EARTH/SPACE

—— -

"afridaca too0n and envirgnmental problems within the range of student experience to be discussed in Jroup settings,

y.e. altarnslive energy sources hunger ergsion
pntiatian poputation rates and drought .
’ controls
“hecy vatchens and bhathrooms with ¢ parent for toxic
rhemicylg
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sn--scxencc CURRICULUM GUIDE K-3

GUAL #4: TO DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDIVIDUAL WITH THE .
ENVIRONMENT AND SOCIETY . . : -

_ OBJECTIVE: D. Acquire knowledge of the interrelationships between science, politics economics, reiigion. and other aspects i
S ‘ of culture, .

LEARNER QUTCOME: 1. An awareness of science as an activity of humans from all racial, ethnic and cultural backgrounds. :
' 2, Recognition that scientific inferences are affected by the value system of the observer, : R
3. Value science as a participant in the potential improvement of the human condition,

INSTRUCTIONA' IMPLJCATIONS

PHYSICAL SCIENCE . _LIFE . EARTH/SPACE
1. Use visual Materials, filmstrips and posters, and books to stimulate small group discussions, ‘
i.e, simple machines used to enhance life styles role of doctors and medicine irrigation

2. Provide -opportunities for students to make identical observations and share their interpretations, '

‘1.8, describe smell or taste of a common but unseen observe a living orga- observe a stream as a habitat
material in container {e.g, Yemon, onion) nism and share descriptions : : '
. of observed behavior in
discussion

3. Provide concrete examples of how science can improve the human condition by involving students in discussion
: with representatives from different career fields. .

i.e. engineering _ . farming ~irrigation or flood c?ntrol.

-

-'OBJECTIVE: E. Acquire an appreciation for science related careers and science learning throughout ones life,

; LEARNER QUTCOME: 1. Con51deration of science as future oriented, preparing individuals for a fuller, richer and _more
' effective Yife,

INSTRUCTIONAL IMPLICATIONS

PHYSICAL SCIENCE | . LIFE . EARTH/SPACE

N

i+ Provide students with guest speakers and role playing opportunities.

] i.e, electrician, engineer, lab technician, computer doctor, vet, biologist geologist, space scientist,
ot angineer . paramedic meteorologist, oceanographer
:"‘—‘—':_’;:“;'*‘xxz‘ 3
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LEARNER OUTCOMES

INTERMEDIATE
Grades 4-6
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Bonaparte's Gull
Drawing by Tony Angell
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. USPL.~SCIENCE CURRICULUN GUIDE 4.5 oo e |
7' GOAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCE.

g

;; 0BJECTIVE: " A, Acguire the technique of applying knowledge of the processes of scientific inquiry,

TR e
N

_.LEARNER QUTCOME: .. %bi!ity to use basic investigative tecﬁniques and processes when conducting a scientific fnvestigation; ..
N " INSTRUCTLONAL IMPLICAT[ONS/RESOURCES '

g e P gt — ——— e - - - -

PHYSICS : __ CHEMISTRY . LIFE . EARTH/SPACE

i

1, Guide the students through the basic :technques associated with sc1ence. such as: :
OBSERVAT [ON _ _ ' | .

~i.e. types of energy paper chromatography sensory bags (hidden stirgazing constellations
: objects) ' .
CLASSIFYING
t,e, types of energy paper chromatography plant leaves; rocks
_ , _ ‘ children in class
MEASURLNG _ : .
i,e, pendulum swings paper chromatography plant growth; physica}l sun shadow plots
_ characteristics of
IDENTLFYING AND CONTROLLING VARIABLES . children .
i.e. fce cube melt ' paper chromatography animal characteri:tics and sun shadow plots with
_ adaptations - seasonal variations.
INFERRING : : ' '
" i,e, bubble activities paper chromatography animal tracks : ' sun shadows seasonal o
fqgifferent wire forms variations
-and hubble shape) : :
PREDICTING OUTCOMES ]
i.e, bubble activities paper chromatography . eating habits and birg sun shadows
‘a1fferent wire forms beak shapes : .,
and bubble shape)
APPLY ING KNOWLEDGE
.2, energy conservation paper chromatography terrariums, rocket launching
bird feeders, paper airplanes

bird houses

OBJECTIVE: B. Practice applying the knowledge of the content of the major scientific disciplinps in the areas of Life,
Phys!cal Chemical, and Earth/Space Sciences, -

LEARNER QUTCOME: !. The student matches activities and subject areas to their respective scientific dis. alines,

INSTRUCTIONAL IMPLICATIONS/RESOURCES

-— _——

P4YSICS . CHEMISTRY . VIFE . EARTH/SPACE

Y. Giedstadents nformation about distinguishing features and areas of emphasis of the main scientific hranches.

= semTrew r

23

ro
(9%}




-"m"’l"":";"h*’h-‘rfr-"' At SR S B p e i e e DT TTRTT T AT, L Rt T S A

_;GOAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONGEPTS, PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCE.

'0BJECTIVE: C. To produce an understanaing of some basic generalizations, relationships, and principles applied %o all .-
TS sciences, o .

féLEABNER OUTCOME: 1. The ctudent will be able to identify systems in nature that involve principles common to all scienca,

f* ' : ' INSTRUCTIONAL IMPLICATIONS/RESOURCES . R

PHYSICS . CHEMISTRY . LIFE o EARTH/SPACE _
= 1. sive students resources for studying systems in nature. - o
- i.e. watar cycle, changes water cycle, * water cycle, B water cycle,
in the 3;tate of water and acid rain : plant growth evaporation/condensation

density layers in lakes

uther substances
d and the, ocean

&

OBJECTIVE_D.-'Enhance problem solving skills by analyzing social-environmental and technological problems,

LEARNER OUTCOME: 1. Acquire an ability to apply rational and creative thinking processes to individual problems, and t3
' general technological and environmental problems, -

" INSTRUCTIGNAL IMPLICATIONS/RESQURCES

&

PHYSICS . CHEMISTRY - . LIFE . EARTH/SPACE

.. Give students opportunity to identify and solve - . v

3., indiyidual problems

ioa, aatar faucet repairs proper nutrition ’ personal hygiene ' compass use map and survival
- skills -
n. technalogical ana environmental problems -
.2, transaortation systems,  pollution, . wetland and wilderness, airport/airtraffic noise
1ltarnate engrqgy sSources pesticide use : preservation polution ’

30




T LATE IR ST TS G TR RA R L gt e Al o S AT el en eI g
R - v . R e

oo - EgPL2-$CIENCE CURRICULUM SUIDE - 1-5 - - S e . | o e
"% GOAL #2: DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND IN GATHERING AND connumcmne SCIENTLFIC INFORMATION,

F. OBJECTIVE: A. Agcamble 1nd handle lab apparatus. tools, matermals. and living organm;ms in a skilled and regponsihla-nanna«
} dlving due attention to acciaent prevent1on

" LEARNER OUTCOME: 1. Recognition of the proper and safe use of equ1pment

1' L . 2. Students will learn to maintain a proper environment for the healthy maintenance of all living
) organisms,

lNSTRUCTIONAL [MPLICATIONS/RESOURCES

PHYSICS ) CHEMISTRY ) : LIFE \ EARTH/SPACE

" . Provide materials ana equipment needed for simple experiments,

i.a, be able ta use be able to use graduated be able to use microscopes, “be able to-use magnifying )
halances, try ceils, levers, cylinders, }itmus paper. and magnifying glasses glasses, directional come ;

' ing nagnet, . glassuare . ‘passes, simple weather
. ) : . instruments and maps

- 2. Provide plants and/or animals needed for.simple experiments and/or maintenance.

i.e, show 2ffacts of 1ight, show effecis of varfous show ahility to properly show effects of water'ann

- §ound, temp,, ang safe- chemicals and nutrients on feed and water plants and soil on plants and animals
anclosure of plants and plants and animals ' animals . )
animals ) : - . : . .

ML W W S

OBJECTIVE: 8. Gather gualitative and quantative information.

LEARNER OUTCOME: Students will make measurements and produce a written record of their data, such as,; size, number, and t&pe-
: of observations, ) ) .

INSTRUCTIONAL IMPLICATIONS/RESOURCES

PHYSICS ) CHEMISTRY ) LIFE B EARTH /SPACE

1. Supply tables, jraphs, charts, data sheets as data sources and for recordmng data taken in experiments,

[~

i,e, racurd data obtainea record properties of sub- record rate of plant qrowth, record data from the use
from expe~iments using stances through observation. animal population, bacteria of simple weather instru-
pendslums and levers of crystalline structure, +growth in cultures ments, measure evaporation
. smell, magnetic influence, : rate, analyze mineral
burning and filtering characteristics

OBJECTIVE: C. Record observations accurately and organize data and ideas in ways that enhance, their usefulness,
LEARNER QUTCOME: I. Develops an ability to organize information in various gqraphic and tabular forms.

INSTRUCTLONAL IMPLICATIONS/RESOURCES

PYYSICS . CHEMISTRY . LLFE

. EARTH/SPACE

L.outie stagents matarsals for measuring and recordaing data and quide them in constructing tabular and graphic displiys of
ne1sdred quantities,

fepquency counts, oeriod 2f east cultures, changing pH population counts harometric pressure,
/ Y ging

252111 4%ion 2f weiqghted values nf safe acidas with rainfall,

Sorings sa fe bases wind chill factor

.
TR AT RR K ALET =T .. ~txx e L LT Y iramaz:s

31




SPl~-SCIENCE CURRICULUH GUIDE 3-8
CGOAL #2: DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND IN GATHERING AND COMMUN!CATING SCIENTIFIC INFORMATION.

;;;:OBJECTI§£= 0. Apply apprapriate mathemdtvcal concepts and-skills “In interpreting data and solv1ng prob.ems.

... LEARNER QUTCOME: Acquire an abi1tty to apply the four arithmetic operations to physical events. to caiculate rates, and
oo to find arithmetic means of measurements,.

INSTRUCTIONAL IMPLICATIONS/RESOURCES

PHYSICS . CHEM]ISTRY . LIFE . ;ARTH/SPACE
U, Gi.c students instruction in the use of collected data.
1., sariations of pitceh use ratfos and proportions construct growth chart to measure height of tree by
qning stretched stirings or in mixtures and recipes ~ predict future height and " use of shadow length rela-
Areoy af qifferent tengths, weight tive to shadow length of

tensinn or diameter an object of known height

WIS XU R X L KEX N AN

OBJECTIVE: €. Communicate with others in a manner that ig consistent with scientific reporting,

.LEARNER OUTCOME: 1. Abflity to explain both orally and in writing the methods and procedure.involved in carryxng out an
investigat1on.

_INSTRUCTIONAL iMPLXCATIONS/RESOURCES

PUYSICS . CHEMISTRY . LIFE : _ EARTH/SPACE

Ve Gige students opportunities, resdurces and encouragement to explain their experiment as well as thosa of{others.
;.e. ase science fairs to present steps and data taken in investigation | '
Jne-films and articles that demonstrate or discuss scientific

;5e mteryiews sith people in the community involved with science for use developing in reports

> o

L DS W LW L

(18

OBJECTIVE: F., ldentify sources of error, inconsistencies in measurements, and other threats to the validity of findings,

LEARNER OUTCOME: 1, Ability to identify sources of error in the experimental process.

INSTRUCTIONAL IMPLICATIONS/RESOQURCES

Jpuestas . THEMISTRY . LIFE ) EARTH/SPACE

v

Y. %t/n jroups Of tao or three students the opportunity to carry out the same experiment and have students search for causes
nf yari1ations in results,

voe, megsare temperature of vary experimental conditions measure heights of plants, measure shadow lenyths of "
Sedver 5f gt water at § of paper chromatography look at ruler to find identical sticks 4s noon
fingte sntervals 39 0t _ descrepancies approches to find the time
o0i; ’ of shortest shadow, the

local noon suntime

.
pr R S R R S F R R BT D 2 e e e & £ e T2
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¥ SPL--SCIENCE CURRICULUM GUIDE 3-5 -~ - L e
| GOAL #3: DEVELOP AND APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SKILLS.

0BJECTIVE: A, Acquire the ability to collect and process data,
tﬁmngARnER QUTCOME : ‘1. The student will be .ahble to generate data byfobserving. identifyipq, measuriqg and recording. . o
| - INSTRUCTIONAL IMPLICATIONS/RESOURCES ‘

mie T i A v o

I3

PHYSICS . CHEMISTRY - - LIFE . EARTH/SPACE - o

- -1, Give students opportunites to generate and-use data. - _ ; : CE
i,e. by recording changes - mystery powders, identifica- pulse-rate before and after ‘mass and weight of matter o

of nagnetism in a reversing tion of common substances - recess " . using specific volumes of e

electric current : - ’ . water

. . .
A B R EAREEEREYR FYECYF PN W -

", OBJECTIVE: B. Acyuire the ability to generate ideas. : : » e

LEARNER QUTCOME: Student will be able to put ohservations together through the use of awalogy. correlation between pa*terns. s
. discrepancies,. synthesis, logic and mathematical relations..

INSTRUCTTONAL IMPLICAT:ONS/RESOURCES S P o -

PHYSLSS . CHEMISTRY . LIFE- . EARTH/SPACE o

1. Give students opportunities to identify data that supports.-contradicts. or does not apply to the solution of a problem.'

.2, cr2ate a simple mach- change several pieces of reconstruct an:animal . plot a trip on & roadmap that - i
ine that solves a problem .  matter into different forms; skeleton o describes the most efficient
‘ . : way to get to a destination
—— describe the methods neces- . ‘
' . sary to restore the materials
_ to their original form

RN ER.
0BJECTIVE: C. Apply; ideas and or data %o situations and problems;

LEARNER OUTCOME: 1. Ability to use patterns and trends derived from experimental data as & basis for examaning ru!ated
problems,

INSTRUCT[ONAL IMPLICATIONS/RESOURCES =

PHYSICS . CHEMISTRY . | LIFE . EARTH/SPACE

«. Eapose students to brainstdrming sessions where given data is applied to varied situations.

1.8, pulleys and levers acid rain poellytion population growth earthquake predictions

70ltage and magnetism toxic chemical substance- greenhouse effect affect of paving on storm
_ water run off to streams

light and shadows ang enerjy flow in living systems

temperatures ,

bacterial contamination of
water systems




SPl~-SClEICE CURRICULUM GUIDE - 4-5 _ T
- GOAL 13: DEVELOP AND APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SleLS.

-0BJECTIVE; D. Wse procedures for -checking generatea ideas and solutions,

LEARNER QUTCOME: 1, Student wi'll be able to check assumptions and consider the reasonableness of solutwons to problems.

~ INSTRUCT [ONAL lMPL}CATXONS/RESOURCES

PHYSICS . CHEMISTRY _  ~ . LIFE -~ . __EARTH/SPACE e

1. Give students opportunities to identify data contrary to expectations to and test alternative solutions, 7 o

i.e, pullays and levers on . mystery powders, {dentifica- population growth and ' soil type .nfluence on plant'
3 19 speeq chyC)e o tion of common substances predator-prey relationships growth with or without

that are toxic . . fertilizer

" DBJECTIVE: E. Anticipate future situations and problems.

LEARNER OUTCOME: Students gain ability to organize, interpret, and predict future outcomes based on observations and from
: available data, . . ’

<

INSTRUCTIONAL [MPLICATIONS/RESOURCES

PHYSICS . CHEMISTRY . ~ LIFE . EARTHL/SPACE

1. Give students exposure to brainstroming techniques that elicit conceptually rich predictions of future events based upon
' theory or trend, .

i.2, oredict swing periods chemical dependancies, , providing food for alternative forms of anergy
“ 0‘ ;arious pendulam lenqgths, solubility of materials in astronauts, plant growth and _ considering need versus
strength 3f elactromajnets common, but in different yield as related to nutrient availability of sources
ulth incraased number of liquids supply and/or {rrigation
N\ﬂd\ngs : :
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$Pi--SCIENCE CURRICULUN QIDE 3-5
GOAL #4:

ENVIRONMENT AND SOCIETY,
| OBJECTIVE: A,

Acquire 4 positive realistic salf-concept,
" LEARNER OUTCOME:

\

1. Achieve attutudes and behaviors of a self-directed learner,
2, Completes, successfully, a self-inititated classroom investigation,

o3 COmpletes Successfully. an individual science project,
INSTRUCTIONAL IMPLICAT.IONS

3

TO DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDIVIDUAL Wl''H THE

B e e '-'-—“i“"ﬁwgnwsa_

-

PUYSICS . ~*  CHEMISTRY

LIFE

"EARTH/ SPACE

l. 3ive student opportunities to work- independently.

“i,8/ wWeiqhing air, making a
rheostat

¢rystal growing ana
recording 9f related obser-
vations

2, Give student opportunities for individual investigation,
conduct fodine test for

presence of starch in sarious
: foods

t.e, .vestigote relation.
3hip hoteeen strength of
alectro-maqgnet and number
2f Aire turns

3. Organize a science fair using parental help,

mav2 3 model of an electric
motor

grow and mount various
crystals for display

_ growing Seeds in different
" soils

?

compare effectiveness of S
toothpastes in retarding
bacteria growth in petri
dishes

make a maze for small ani-

mal learning experiment

weather cha 't analysis for

.wina patterns and types of

fronts

use binoculars to obsarve/
record features of Zarth's
moon, phases of venus

collect and classify rocks

0BJECTIVE: 8.
LEARNER-QUTCOME: 1.

Acquire awareness and appreciation of beauty and orderliness in nature,

Creates a desire to question, know, and understand the natural world.

2. Develop a sense of wonder about the environment,
3. Express feelings about the aesthetic aspects of the natural and technological environment,

INSTRUCTIONAL IMPLICATIONS

PHYSICS . CHEMISTRY

LIFE

EARTH/SPACE -

L. aive students opportunities for investigation/prediction,
t.e, araticting, counting extraction of natural dyes
sater draps %hat can be by boiling roots, leaves,
1ded to a “full™ glass of etc, in alcohal/water/

aater, diluted vinegar

.

find examples of fibonacci
sequence in plant 1ife

2. Pravine students WNith opportunitines to observe novel phenomena.

i,2, 1ir pressure crushes
Jaltan Zan

electrolysis of water
(1iquid compound transformed
into gaseous elements)

3, wise students opportunities
write poems about the contin-

uous making/unmaking of
organic/inorganic forms

1.2, araw picturns of
neLhantegyt ahiects [trucks,
dircraft, farm implements)

microscopic study of pond
water

for art/writing activities based on nature and technology,

sculpt clay models of life
forms

.

observe varteties of crystal

patterns in snowflakes

daytime observatinn of aonn
with binoculars

construct pictures af solar
system or one af its parts
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. SPL--SCIENCE CURRICULUM GUIDE 46

. GOAL #4:

OBJECTIVE
LEARNER OQUTCOME:

of science and technology.
2. Students will participate crnstructively in a group science activity.

INSTRUCT1ONAL IMPLICATICNS

33

DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDXVIDUAL WITH THE
ENVIRONMENT AND SOCIETY. S~

c. Partiu1pate actively in identifying and solving societal problems re1ated to science and techno1og/. e

I

‘,,\%
.

P

1. Student will be able to identify problems in their immediate environment that result from the 1mpa;t

PHYSICS

CHEMISTRY

LIFE

EARTH/SPACE

":. Give students opportunities for large and small group investigations and/or reports.

t.¢, dangergus machines,

toys, types and forms of
oenergy . .

pesticides, weed retardants,
chemical additives in food
products

2. Give {2-4) students opportunities to role play reports.

i,a, danjerous machines,
tays, types and forms of
enero

pesticides, weed retardants,
chemical additives in food
products

genetic engineering, artifi-
cial organs

. genetic engineering, artifi-

cial organs

storage of nuclear waste,
strip mining, clear cutting,
pollution

"

storage of nuclear waste,
strip mining, clear cutting,

pollution

ZXARIZTR

OBJECTIVE:

D. Acguire knowledge of the interrelationships .between science, politics, economics, religion and other aspects
of culture.

<

. LEARNER QUTCOME: 1. The student will value science as an activity of humans from all racial, ethnic and cultural backe

. qrounds,

2. Students will recognize that scientists may make the identical observations but interpret them
differently according to their value systams,
3. Students will be able to give examples of how science has contributed to-the wmental and physical well

heing of people and society.

? INSTRUCTIONAL "MPLICATIONS

PHYSICS

CHEMISTRY

LIFE

EARTH/SPACE

—— - —

1. Givn students various ethnic, gender, and multicultural science materials both International and American,

v,e, Alerdander G, Bell,
Marie Qurie
Alhert Zinstein

Booker T.'Hashington
Linus Pauling

Jonas Salk
Gregor Mendel
Jane Goodall

- Louis Pasteur

2. Give students examples af qroups with opposing self-interests.,

i,e. nuclear energyy

31, Giye students

1.8, machine yse

dangerous chemicals

pesticices

chemica' & drug uses

Tobacco Industry
National [nstitute of Health

drugs

resources that deal with contributions of science to society.

nutritional study

Benjamin Sanneker
Astronauts

John Wesley Powell
Herbert Hoover

nuclear waste stoarage

space litter

space technology

Lo
(O]
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- §PL--SCIENCE CURRICULUN GUIDE 4:6

GOAL #4:  TO OEVELOP VALUES, ASPIRATIONS, AND AT1ITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDIVIDUAL WITH THE
ENVIRONMENT AND SOC!ETY.

0BJECTIVE: . E. Acquire an apprecfation for science related careers, and science learning throughout ones !ife,

" LEARNER OUTCOME: 1. Students will considere science and technology as a career choice.

INSTRUCT [ONAL lﬂPLlCATIONS/RESOURCES - .

-

e [ m— ———— — .. —
e PEYSICS e CHEMISTRY - LIFE . __EARTH/SPACE

using reports, fiims, role playing, and guest speakers,

1,‘Teachers should expose students to-the variety of roles and opportun1t1es/pfé§;nt 1?’sc1ence and technological fields

37
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LEARNER OUTCOMES
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38 Black Bellied Ployer
Drawing by Tony Angell
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“$Pi-~SCIENCE CURRICULUM GUIDE ©-9

GDAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, AND PROCESSES OF SCIENCE.
OBJECTIVE: A. Acquire the technique of applying knowledge of the processes of scientific fnquiry;

<o LEARNER QUTCOME:

. Organization
communication

prediction
application

a
b
C.
a. inference
e.
f.

B

INSTRUCTIONAL [MPLICATIONS

1. Stugent will use the following processes when conducting a scientific investigation:
. Observation

PHYS[CS s

LIFE

EARTH/SPACE

)
$e

Provide opportunities for students to conduct scientific experiments/investiations, i.e.:

bserve incline areas on
school property, e.qg.,
ramps, gutters, )

CHEMISTRY

Observe mixtures, elements
and compounds.

Record results on data chart,

Oraw a picture of one
incline plane on school
property.

Inferancas arefderived from

. Maxe - predidtion about

the height and its reta.
tionship to the amount of
work accomplished when
moving an object on an
inciine plane,

List 6 uses of incline
planas t0 make work
gasier, :

Describe and record physical
characteristics of mixture,
element and compound samples.

Observe freshly cut carrot
and celery sticks,

Describe and record the

. texture of freshly cut

carrot and celery sticks.,

observations and .past experiences.

Given the time required to
dissolve salt in cold water,
predict the time required to
dissolve in hot water,

" {dentify 5 examples of mix-

tures, elements and compounds
found inAthe home,

Predict the effect of salt
on the properties of living
tissue,

Explain:how salt can be used
as a weed killer,

Nbserve samples of zrystals,

Descride the physical charig-
teristics of a ¢rysta) to
another person, :

1

Mave pregictions an %he
variables affecting ¢rystal
qgrowth,

Give S5 examplag 9 zrp5%y!
usage in a student’s environ.
ment.

e TTxa




-GOAL #1:

“ LEARNER OUTCOME: 1.

L R T T T R S Y TR TR ST e

., SPI-~SCIENCE CURRICULUM GUIDE 6-9
DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS. CONCEPTS, PRINCIPLES, AND PROCESSES OF SCIENCE.

BJECTIVE: B, Practice apply1ng the %nowledge of the content of the major scientxfic disciplines 1n areas of tffe, ph/s:'a‘
e chemical, and earth/spacé science, 3

Bl TT"\"""W ,T‘imiy'bww L0

B R IS A

2

INSTRUCTIONAL [MPLICATIONS

For each content area the student Qj!l be able to.use appropriate facts, concepts and .vocabulary.

PHYSICS

CHEMI3TRY

LIFE

EARTH/SPACE

1. Teacher will use process approach including:

1. observation
b. inferences
¢. prediction
4, measurement

i.e, Content areas recom-
mended for useé and presenta-
tion in studgent syllabus:

. Methoas of science

. Measurement

. Properties of matter
Farces

. Mgtions

. Energy

. heat, light, sound
, alectric

, magnetism

. kinetic/potential
. chemical/physical
. nuclear

. Mmoo wD
.

O U o LD D e

e, experiment

f. organize/classify
9. communication

h. application

‘Content areas recommended

for use and presentation in
student Syllabus:

A, Methods of science

8., Atomic theory s

€. Elements/Compounds
Mixtures

D. Changes: nuclear physical
and chemical

‘€. Acids, bases, salt

f. Reactions

G. Organic

H, Inorganic

{., Environmental

Content areas recommended
for use and presentation in
student syllabus:

A. Methods of science
8, Life characteristics

1.

2.
3,
4.

5,
6.
1.
8.

cell theory

origin of 1ife :
inorganic/organic chem,
plant and animal protist
distinctions

levels of organization
reproduction

genetics

natural selection

C. Ecosystems

1.
2.
3.

4,

adaptations

pollution

energy flow, food
chain, web and pyramid
cycles of nature

Content areas recommended
for use and presentation in
student syllabus:

A, Methods of science

B, Map reading

C. Topography

D. Geological time scale
. Plate-tectonics

. Erasion

. Properties of minerals
. Rocks/minerals

. Meteorology

. Oceanography

. Natural resources

. Space

kS

40




“TULEARNER OUTCOME: 1.

Nabe & il e
s e e s e o e A e P R A

SPI--SCIENCE CURRICULWN GUIDE 6.9 -
GOAL #1:
OBJECTIVE: C.
Student will be dble to:

b, recognize and predict patterns
c. state laws .

g4, formulate explanatory models
L - e, develop theories

SN FLNI T TVION e Ty S L Ar Ty T s

a, use inferences to make generalizations

DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, AND PROCESSES OF SCIENCE.

To produce an understanding of basic ggneraltzations. relationshins, and principlas applied in all 3

<

INSTRUCTIONAL [MPLICATIONS

b it i b OnieEbl ok Rl

TG T T v g A e m TR e, T

-

PHYSICS , CHEMISTRY

LIFE

EARTH/SPACE

1. Eapose students to a variety of knowledge/experiences that

s¢iences., .
Show how atomic structure applies to all sciences.

novenent 2f atactrons o atomic structure

produce energy
. Show that anergy is changed from one form to another,

andothermic and exothermic
reactions

saldr to electric eneryy

Demonstrate how conservation
of matter applies to the
cycling of substances in
nature,

a2 Newton's ) laws of
«9%ion ta understana and
2xplain space travel,

Examples are carbon dioxide-
axygen, water and nutrient
cycle,

will allow them to discover interrelationships within the

photosynthesis as a chemical
process '

food (chemical energy) i3
changed to muscle movement

Use the principles of natural
selection to exptain plant
and animal adaptation,

Examples are flightless
birds, protective coloration,
and mimicry.

atomic structure of crystals

-

fossil fuels to heat

Jse theory of plate tec-

tonics to explain forna-
tion of oceaniz isiang
chains, ridges, und
tranches.

0BJECTIVE: O,

LEARNER QUTCOME. 1.
) 3, clarify values
b. ~xamine {sues

¢, solve scientific, personal and societal problems

INSTRUCTIONAL IMPLICATIGNS

Enhance problem solving skills by analyzing social, environmental and technical problems,

Student #f1l recognize the relevancy of science by using scientific knowledge, processes and metands 3.

PHYISILS CHEMISTRY

LIFE

EARTH /SPACE

9r3st3e rasnurces for analstical inavestigation and research:

Analyze and determine the
use of synthetic materials,
i,e., synthetic materials
vs. biodegradable praducts,
i.e. plastic,

c,e. Pe5037.0 ang evaliate
ny.tear fusian/fiasion,
reantiansg,

Analyze the trade-off in-
volving the protection of
valued natural resources,
i.e.,spraying for tussock
moths at expense of other
wildlife,

Research ind evaljate =man's
reversitle ind irreversibla
causes of natural 31isaster,
i.a,, s0i! erosion depleting
water table,

41
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SP1--SCIENCE CURRICULUM GUIDE 6-9 o ~ | 5
GOAL #2: DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPNENT, AND IN GATHERING AND COMMUNICATING SCIENTIFIC INFORMATION.. :

OBJECTIVE: A, Assemble and hanale laboratory apparatus, tools, materfals and living organisms in a skilled and rasponsibla
manner Jiving due attention to accident prevention )

LEARNER OUTCOME: The student will develop fundanenta! skills 1in:
: a, orderliness
b, safe manipulation of materials ana equipment . .
¢, caring for and handling 1iving things : . . o

INSTRUCTIONAL IMPLICATIONS | .

PHYSILCS . CHEMISTRY . ﬁA}IFE s EARTH/SP@CE
1. {4, b) '

Provide 1ab materials, équipment. guidelines for use, and safety instruction,

i.2, 'Jse 4 triple beam Make volume measurement using Use a microscope. , Use a meteorology tool,
_balance, . - a graduated cylinder, : :
1. {9, ¢)

Post, aemonstrate and enforce appropriate lab and safety procedures,

.2, wear 30931es and/or Demonstrate eye wash. Clean aquariums, Return tools to storage areas,
19rons ip lab, . .
K@ep #orv dareds clear, Designate as tasting and student responsibhility for Note safety precautions fin ’
. nontasting activity, ) ¢lassroom animal and plant 1ab directions,
maintenance ’

O0BJECTIVE: 8, Gather qualitative and quantitative information.

LEARNER QUTCOME: 1. The student will develop measurement skills that allow for comparisons using:
" a2, sensory .
b. relative position
¢, linear
a, weight
e, capacity
f. quantity

INSTRUCTIONAL (MPLICAT!{ONS

PHYS IS s CHEMISTRY . LIFE : EARTH/SPACE

Pravide resources, practice measuring, and instruction in the metric system,

2, deternine 1 Student's Determine density using the Determine in microns the Weigh 3 rock samples in qgrams
A2 4%% *n 2a4Nnds and d1isplacement method. field of view of a micro- and ounces,
tewtans, scope.
Jeturnine 4 jtident’s; heiqht  Determine the relative . Determine the number of Jetermine the rolative size
roentimetars 4nd neters, saltiness of 4 sait chlorophyii types present and properties of minerals
solutions, in a leaf by chromatographic in a piece of granite,

technique. .
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SP1--SCIENCE CURRICULUM GUIDE §-9
. GOAL #2: DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND IN GATHERING AND COMMUNICATING SCIENTIFIC INFORMATION.

0BJECTIVE: ¢, Recora observations accurately and organize data and ideas in ways that enhangce their usefulness.

LEARNER OUTCOME: 1, The student will develop organizational skil1s 1n.
<! . a. gathering . ) .
b, sequencing : . ) .
c. grouping . ) ‘ . . . _ -
d, classifying data ' , .
N e, graphing . ' -
f. charting . R

INSTRUCTIONAL IMPLICATIONS

PHYSICS . CHEMISTRY : . LIFE s EARTH/SPACE
L (4, 5, c) |

Provige instruction ana models in building appropriate data collection devices,

f.e. Sequence affferent Given a set of procedural Match seeds with the plants Chart temperature, bardmetric
mediums according to how instructions, construct that produce them, pressure, relative humidity,

they refract light, a data table, rainfall, wind speed, etc,,
- for one week,
1. (¢, @)

Provige material for grouping.

i.a. Rank a number of Classi{fy household chemicals Given 10 objects, build a Given information on the

ibjects according to accorting to their pH, dichotomous key. planets, group them ac:corg-

/213city they <an attain A .ingly: i,e., orbital reriog;

4ith 4 constant force, ' ‘ _ distance from sun; mass to .
o . (e, f) : - ' gravity.

Provide 24amples of various graphs and graph paper,

Ma<e a line graph to show * Graph the temperature of Make a bar graph of the Graph the weather conditions

the relationship between water as it changes from heights of students in ©at your school for one week,
speed ang time, solid to liquid to gas. the class, ‘

w
.
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b SPl--SCIEICE CURRICULUN GUIDE 6-9

_-:GOlL #2: DEVELOP SKILLS [N MANIPULATING MATERIALS AND EQUIPHENT AND IN GATHERING AND COHHUNICATING SCIENTIFIC INFORMATION.

_égqggg;rxvs; D. Appls appropriate mathematical concepts and skills in interpreting data and solving probiems,

’iYLfARNER QUTCOME: 1. Use measured data &na/or mathematical model to describe observed phenomena,

KO 2, Use basic math skills to solve scientific problems.

INSTRUCTIONAL IMPLICATIONS

PHYSICS . CHEMISTRY s

LIFE

EARTH/SPACE

1. Provide instruction in the use of a formula io describe a process and solve problems by using formulas,

t.e, Ysing the law of . Use the formula for density
.universal gravitation, to determine density.of a
deternine the qravitational given object, KaM/y

.farce between earth and -

studernt,

deternine the amount of Demonstrate the use of the
worv a person did by - perfect gas law,

. 3pplying a force of 10
‘tewtons to move a box 6

metars,
dors + Force x Distance
A4 = DxF
D = &
- F s 10N . . v
d = F a4
A * 10N x €M
4 = 6ONM

-

Demonstrate how populations
increase with different
weproduction rates.,

Determine a population
density,
0 = No, of indiv./area,

_ldentify a-mineral Yy calcu-

lating its specific gravity.
~ .. density of substance
SP.G.= density of water

Demonstrate hydrostatic
pressure effects.

Provide review materials and 1nstruction in basic mathematical operations, {.e., percentages. rounding, astimating,
yignificant figures, metric units, ratios and decimal operations.

a2
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"' $P1--SCIENCE CURRICULUN GUIDE 6-9 . _
muwnmmamuummmmmmmmnwmmmummmmmmmmmmmmmmmmmm&f

OBJECTIVE: E. Communicate with others in a manner that {s consistent with scientific reporting,

- LEARNER QUTCOME: 1. Students achieve communication skills which wili enable them to express_themselves,

. | : ' " INSTRUCTIONAL IMPLICATIONS

PHYSICS  ~ . CHEMISTRY - LIFE . EARTH/SPACE

1. Develop a furmal lab report form using the following aivisions:
T : a, Clear statement of the proi;em s;ated'in question form,
9, State the purpose,
€. List the materials ana relevant data,
4. drite the procedura! steps,
¢. Experimental analysis, f.e,, data chart and observation,

f. Write a cunclusion based on the statement of purpose,

(] [) .

;.

OBJECTIVE: F. ldentify sources of error, inconsistencies in measurement and other threats to validity of finaings.

LEARNER OUTCOME: 1, Abf1ity to fina source of'variation tn the results of &xperimentation that occur from human errgr,
instrument error, and experimental error,

INSTRUCTIONAL IMPL]CATIONS

PHYSICS . CHEMISTRY ' . LIFE . EARTH/SPACE

l. After 3 lab, provide lists of possible saurces of error,
T.2., Human error: Reading the fnstrument and/or processing directions.
Instrument error: Graduation on the too! may be incorrect.

. Experimental error: Insufficient number of trials,
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- LEARNER OUTCOME: 1.

: SPI-~SCIEICE CURRICULUM GUIDE 6-9

GOAL #3:
(OBJECTIVE: A,

y pictorially, and in writing,

+2

'DEVELOP AND APPLY RATIONAL, CREAT!VE AND CRITICAL. THINKING SKILLS.
ACQulre the ability to collect ana process data.

Communication skills which will enable them to express themselves oraily.

/ 2, Develop organization skills in gathering, sequencing, grouping and classifying data.
' - : ;NSTRUCTIONAL IMPLICATIONS

PHYSICS _ CHEMISTRY

LLIFE

EARTH/SPACE

1. Present students with a prablem that requires senses to gather information and have them discuss their findings,

i.a, djack box puzzles black box puzzles

© 2. Mav2 staents make collections and catalog them,
“i,@. Group itams according

to their properties of
natier,

Group items according to
their properties of matter,

Based on physical character-
istics, group substances as
mistures, compounds and
elements.

" $equence a group of applie
ances from greatest to
V2ast energy consumption,

mercury amgeba

<

Determine whether items are
1iving or nonliving based on
the characteristics of living
things, -

Make a collection of leaves
and group according to

_common characteritics.

axamine rOCk_proDerpies

Given several rocks, arranqge
them in groups based on simi-
lar properties.

Plot location of earthqua<es
and volcanoes.

OBJECTIVE: 8.
LEARNER QUTCOME: 1.

Acquire the ability to generace ideas, -

a, analogy

. correlation

. patterns

. discrepancies .

. Synthesis

. logic

. mathematical relationships

Stuaents will be able to put observations together through the use of:

INSTRUCTIONAL [MPLICATIONS

PHYSICS . CHEMISTRY

LIFE

EARTY/SPACE

1. Pravide tosics and oppartunities for brainstorming possible hypotheses,

1., tartesian aiver, crystal qrawth, osmosis/aiffusion,
2f |ifa thearing, solar system modeis machines

Jayelap in affigrant measuring system,
Ir3dnisms,

Reorganize the periodic chart,
Jescribe the climate zones on an earth without an axis tilt,

formation of land form, perpetual motion models for atoms, Jrfgin

Describe a 1i{ving system without photosynthelic

44
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"/SP1--SCIENCE CURRICULUM GUIDE 6-9 _
GOAL #3: DEVELOP AND.APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SKILLS. :

OBJECTIVE: C. Aoply ideas and/or data to situations and problems,

w2 -:LEARNER QUTCOME: 1. -Recognition of the- relevancy of science by using scientific knowledge processes and methoas ts clarify>
‘ values, examine issues, and solve scientific, personal, and social problems,

+ 2. Application of scientific knowleage {technology) to satisfy personal curiosity or solve 4 problem,

INSTRUCTIONAL [MPLICATIONS

PHYSLCS : CHEMISTRY . LIFE : EARTH/SPACE :
l. Provide brainstorming sessions to formulate theee alternatives to solving a problem, oo : o
f.e, Devise 3 different pest control . _ drug/alcohol/tobacco usage use of vacant lots in urban o
w375 to move an object, : : and rural settings - e
. Demonstrate or justify how to use an alternative solution to a problem,
f.e. Build 4 s0lar hot dog Use of natural predators as Increase physical activities Buila homes on hillsides
cooker, . ' an alternative or chemical in order to improve personal and retain flat fertile sail
- pesticide . ' health, for agriculture, N
OBJECTIVE: 0. use procedures for checking generated ideas ana solutions.
" LEARNER QUTCOME: 1, Ability to design ana conduct experiments, construct classification schemes and identify factors that - '
might have influenced conclusions, ' '
INSTRUCTIONAL IMPLICATIONS
PYYSICS . CHEMISTRY . LIFE . ' EARTH/SPACE
i, Teachers ail! provide necessary reference resources and equipment, and assist in the recognition of experimental
1iscrepancies and procedural differenges,
i,2, %ontsal the frequency {daentify common materials by Contruct experiments on fonstruct a physical model
3f the jnunad praduced by 2 physical and chemigal osmosis, diffusion, - from a1 contou map,
vidrating string, properties, plasmolysis,
fonstruct 1 musical Separate solids from Test effects of moisture, Locate, measure and Araw
ingtryment, liquids in a mixture by temperaturz, Oxygen or A scale chart of lang . -
- sedimentation, light on seed germination features,
and seed growth,
sonstruct series and Construct a classification
parillel electrical scheme, qrouping organisms
wircats, according to personally

defined criteria,

fdentify factors which cause
changes or imbalances in
natural or model! environments,

[ —=
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"SPL~=SCIENCE CURRICULUR GUIDE. 6-9 :

GOAL #3: DEVELOP AND APPLY RATIONAL, CREATIIVE AND CRITICAL THINKING SKILLS,

OBJECTIVE: E. Anticipate future situations and problems. |

Tﬂ};ARNER_OUTCOHE:; 1. Anticipates future consequences of present actions by applying cause and effect relat1onsh1p.
' [NSTRUCTIONAL IMPLICATIONS |

an "\‘V Cog T T T

= __PUYSICS : CHEMISTRY . LLFE .  EARTH/SPACE

1, Give a hypothetical situation with available data for students to use in making predictions.

depletion of e2nergy . accumulation of contaminants over population of man or depletion of natural

resources in the environment animal _ ) resources

5 uf solar, wind, or wave ugse of fossil fuels for " preaict future of protected reCyc11ng of nonrenewahble

marygy 35 an oplion -energy or as building blocks plant and animal species resources and waste aisposal =
: : for other products, {.e,., . that are endangered. ’

petrochemicals
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T §P1a-SCIENCE CORRICULUN GUIDE - 6-9-.

LN GOAL #4:
T ENVIRONMENT AND SOCIETY.

OBJECTIVE: A. Acquire a positive realistic self-concept,
“7 'LEARNER OUTCOME: 1,

-

Achieve attitude and beéhaviors of a self-airected learner.

TO DEVELOP YALUES, ASPIRATIONS, AND ATTITUOES THAT PROHOTE PERSONAL INVOLVEMENT of THE XNDIVIDUAL WITH THE

gf_ - . 2. Demonstrates and values personal decision making,
' INSTRUCTIONAL IMPLICATIONS
PHYSICS . CHEMISTRY . LLFE EARTH/SPACE

l. Provide opportunities for individual and team activities.

Bring or 1ist cosmetics used
daily to change body scent,
Note chemicals used in food
products.

i.e, List machines and cype
of 2nerqgy used in one day,
‘determine which ones could
he eliminatad, Di,cuss
hidaden energy needs of pro-
ducts, .

2. Provide real and hypothetical situations/problems,

[nvite cosmetologist to dis-
cuss hair chemistry, product
ingregients and care.

i.e, Redesign two machines
using a renewable energy
resource.,

Make 2-5 minute sensory
observation during quiet time
outside; make observations

~ of personal effects of

sensory iaputs,

Conservation activity, i.e,
research FDA or EPA regula-
tion for specific problem,

Make observation of home in
relationship to comnunity ana
local climate pattern,

List and discyu.. need for
moon survival,




S .-

GOAL #4:
) ENY IRONMENT AND SOCIETY, '

~JBJECTIVE: B. Acquire swareness and appreciation of beauty and order)iness in nature,

-

Enhance the desire to question, know and understand the natural world,

LEARNER QUTCOME: 1. )
2. Encourage a sense of wonder about the environment,

the natural envirgnments,
[NSTRUCTIONAL IMPLICATIONS

SP1--SCIENCE CURRICULUN GUIDE 6-9 . |
T0 DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDIVIDUAL WITH THE

3. Help focus feelings about asthetic aspects of the natural and technological world.
‘4, Gain an appreciation interdependence of living organisms is necessary, for their continued survival !n

PHYSICS . CHEMISTRY : . LIFE : _ .

EARTH/SPACE

1.,A, Reward students for asking_ questions,

B8, Provide field experience.

Investigate a specific plot
of ground for living organ-
isms,

1,8, Observe sight rays Qbserve environment from edge
through 3 variety of aptic of body of water,

»ystems, i,e,, prisms, . -
tanses, _

2. Provide student #ith examples and opportunities to describe and discover natura)l patterns,

Compare leaf margins and
veination of different
plants, )

Compare salt and sugar
crystals,

i.a, Construct a color
speclrum,

1. Provide i satting and mood that will enhance student expression,

‘Brainstorm examples of man's
impact on wildlife, i.e.,
trace foods back to their
source, identify impact on
wildlife along the way to
consumer; recommermd food
habits that could benefit
wildlife,

Conduct flame test of metals
in solution. Discuss how
colored flame fireplace 10gs
work,

1.2, Listen to soundas oaut-
siae far | ninute with eyes
¢losea, identify sounds
haard, direction traveled
etc, fOpen eyes, write

ang 4iscuss feelings,

i, Provide 3tidents Aith materials designed to demonstrate the interdependency in nature.

“Chemistry and Nature" “Ark" "Endless Chain"

Centron Film

1,8, "Powers af 1Q"

Observe geological structura
and .sofl types at a roadcut,

Draw a soil profile,

Accumulate rocks from local
area and have students
explain origin, shape,
texture and appearance,
Use quided imagery,

.

"The Etarth Beneath the Sea"
McGraw Hill Film

"We are of the soil:
Internationa) Film Sureau”
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27 5PL-aSCLENCE CURRICULUN GOIDE 6-9 T ,

GOAL #4: TO DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDIVIOUAL WITH THE
ENVIRONMENT AND SOCIETY. . _

OBJECTIVE: C, Partici wte activeiy in fdentifying and solving societal problems related to science and technology,

' .AEARNER OUTCOME: 1. DeQelops cooperative skills in working within a group.

2, Ability to express an opinion on societal 1ssues using knowleage of science and technology to suppor®

that opinion, .

INSTRUCTIONAL [MPLICATIONS

o T

it
T
3

PHYSICS )  CHEMISTRY . LIFE 5 EARTH/SPACE

L. Design and use activities that require interaction,

a

f.e. uroups establish to priorities for a list of issues centered around a scientific-technological oroblem and come to a
.consensus, t.e,, use of lasers for weapons, biological warfare, five necessities for survival in a space shuttle,

2. laentify issues, provide resources for investigation, ana choose mode of expression i.e., dehate, speech, report, rola

play, etc,
.2, weneralize the implica- Predict the impact on Predict tendency for heart Discuss the liabilities ang
tions 3f removing one major society as a result of. disease after researching assets of the space program
1ppliince from every home of removing preservatives risk factors and individual =~ and/or lang storage of

class members, from fooa products, ‘history, - hazardous waste products..

0BJECTIVE: D, Acquire knowledge of the interrelationships between science, politics, economics, religion and other aspects

of culture,

LEARNER OUTCOME: 1. Students will understana by examples how science has contributed to the mental and physical health
and well being of people, ’
2, Value science as an activity available to males and females from all racial, ethnic, and cultural
backgrounas,
3. Recognition that scientific influences are affected by tne value system of the gbserver.

INSTRUCTIONAL IMPLICATIONS

PHYSICS . CHEMISTRY . LIFE . EARTH/SPACE

1. Provide for guest speaker or field éxperience,

1.8, laser technology and Examine value of chemical Discuss genetic engineering Examine how environmental
computers fertilizers, food additives, and choices it brings in science is used in planning
etc., to increase foog life decisions, lana use.
production,

2, Provige names, photographs and biographical material of scientists.

1.2, 3eport 3n the contributions of scientists from a variety of ethnic ana cultural backgrounds, such as:
tmien Shiung Wy Ellen Swallow George wWashington Carver Galileg

T Mr, & Mrs, Curie Maria Mitchel!
’ Amelia Earhart
3. Provide examples of disproved explanatory models based on today's information,

1.2, perpetuyal notion alchemy spontaneous gene..tion geocentric theory
Mmachines

(9] |
b—t
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SP1--SCIENCE CURRICULUN GUIDE 6-9 ‘

.' GOAL #4: TO DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE [NDIVIDUAL WITH THE
ENVIRONMENT AND SOCIETY,

~—OBJECTIVE: €. Acquire an appreciation for science related careers and science learning throughout ones life. R

. LEARNER OUTCOME: 1. Consideration of science as future oriented, preparing inaividuals for a fuller, richer and more
effective 1ife,
2. Students will consider science and technology as a career choice, ' i

INSTRUCTIONAL IMPLICATIONS

PHYSICS . CHEMISTRY . LIFE . EARTH/SPACE S

1. Provide students with the opportunity to select a career and investigate the impact of science/technology on this career
choice,

.2, Provige an oppurtunity for students to interview an individual in a science related carenr.

1.2, nechanical engineer pharmacist, chemical engineer horticulturalist meteorologist
: agri-business ’ geoiogist
medicine ¢ oceanographer
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' -~SCLENCE CURRICULUM GUIDE 9-12 '
GOAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS.‘CONCEPTS. PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCQA
0BJECTIVE: A, Acquire the technique of applying knowledge of the proCQ;ges of Sciéntific inquiry.

LEARNER OUTCOME: : :

-
x

j=N
s

Make accurate méasurements and observations, -
. Form hypotheses from both quantitative and qualitative abservations,

. Use experimentdl procedures to confirfi or reject hypotheses,

. lIntegrate observatinns and experimental results with scientific ideas,

. Subject results and ¢onclusions to critical evaluation by self and others,

INSTRUCTIONAL IMPLICATIONS ~

!
2
3
4
5

-

Sl PHYSICS . CHEMISTRY . -LIFE . EARTH/SPACE Tz
. . . . N D =
The teacier should provide opportunities: \,
1. 3, to use metric system in collecting data - ,: . _ ' o
“i.e, aceeleration, forces, ° density, temperature, vol- serial dilutious; measur- . density, specific gravity '?
Lilarimetry ume, identify unknowns and ing plan growth; microscopy  temperature; pressure
: concentrations of solutions Coago

b. to read instruments accurately to appropriate leve! of precision

1,2, micrometer, p . gragquate cylingers ‘microscope micromater _ hygrometer, hydrometer,.inq _
jarnier s3cale pipets : oo harometer '

¢, for experiences that #ill give opportunity to record observations on a regular basis

2. 1. for students to arite hypotheses on which data will be collected, such as: ' -
1,2, natirz of 1ijht based stofchiometric calcula- plasymolysis of cells; surface charicterigtics af :
n abservation of light tions; use Gas Laws to . ratio of surface to vol- ground compared to aksorpe g
phenomenyg, hypothesize the predaict behavior of gases ume of cells and diffusion tion of heat anergy, .
jeneryl properties 3f a _ . centripetal motion compareq K
field from the nature of . ' to orbital velocity of ;
Jravity mignetics, and . : satellite :
alactrostatics, : i
3, for students to design and carry out.experiments to test a hypothesis .
t.2, megsqrament af varia- Design experiments to determining conditions determine the rite of ero.
tion 1n patential 1ifference  measure solubility of inor- necessary to qrow seeds sion in 3 stream using 3
. ing zurrent fiow in electri. ganic 3alts as a function from eaible fruits pur- stream table by varying
A g3} circiits gesigned by the of temperature, chased in a store; explain velocity and volume >f
tugents ' changes in a yeast cul ture, water fiow,
hay infusion, or daphnia
aquarium,

1, to cumpare results aof experiments with concept taught

1,8, Bgpansion of metals as pH of solutions as compared snail, elodea, ¢losed aquar- sofil characteristics as
1 function of temperature to pH meter or titrations ium experiment compared with comparad to water starige
C02 ana 02 cycles and movement

5, 2. Zompare results of an e«periment with -esults of classmates 4s well as with knowiedge of concept heing testaq,

1.2, Tampare the resylts of Compare the gravimetric comparing blood typing identification »f uninown o
the pengulum swing with the resuits in a conservation of results with other students minerals using 5%tandary
weight 3f the bob ind the matter exercise, and national trends tests

tanyth of the pendulym with
ather students,

b. for students to submit written lab reports to peer review and evaluation by instructor

Co far stidents ta enter experimental results in contests for evaluation, such as Junior Science and Humanitio- Synpnsium,
natanagl nr state science cuntests .

Ty re ey e
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GOAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCE.

LEARNER OUTCOME: PHYSICS

OBJECTIVE: B, . Practice applsing the knowledge of the content of the major scientific disciplines in the areas af Life,

. Physicai, Chemical and Earth/Space Sciences. , B

T. Accurately predict what will happen during physical events,
.. Accurately describes physical! phenomena .in terms of materials and wave properties,
. Explain phenomena, appropriately applying fdeas of interaction and conservation.
. Develop and use an appropriate scientific vocabulary.
. Develop a set of meaningful ideas of the natural world which are more convincing and more powerful
than the ideas held before instruction, :

;

" INSTRUCTIONAL IMPLICATIONS

L R

PHYSICS

The teicher should provide opportunities:

S
by

‘or students to observe and recal! basic phenomena and predict results under similar circpmstances; .

i,e, falling bodies, :

apparent motions of sun, moon, stars, and planets,

fgrces ang aistance involved with simple machines,

magnetics, electrostatics, current electricity and electromagnetic interactions,
Waves on water and springs, _ : : '
soung, -

“ight and optics

for Stuaents to describe systems and subsystems using ideas of time intervals, position, displacement, speed, velocity
(both aserage and instantaneous), mass, momentum, energy, charge, wave length, frequency, period, amplitude, and phase,

. to require students to explain phenomena during interactions; such as drawing free body force diagrams, determini~g

inpulses an or by each object involved, and determine work done on or by each part of system

5, ta require students o explain changes using conservation 1aws, transfers between forms of @nergy

1, %0 quide stuaents to develop ideas first and that the name diven to that idea is used for purpose of communication.
]

_o. the name is not the idea, but only represents the idea
5, *9 qurie students in the clear use of scientific vocabulary (see Appendix 8)

f9r staudents to investigate ang demonstrate an understanding of physical processes and concepts,
1
1.e. *ne v'nematic ideas of time intervals, pesition, displacement, speed, velocity (both average and instintaneous®,
thangn in yelogaty, acceteration faverage and instantaneous),
fyrenn, tan anerjy transfer to explain movement of objects in various contexts {including the "at rest" condition,

sgnetant satocity, straight line acceleration, free fall and projectite motion, circular motion, ind simple harmonic
mytinn,

"ne 4114, mortaly, and annual motions of the stars, moon, sun, and planets, as observed from the earth,

*ne majar contributions of the acients (e.g..Plato, Aristotle, Aristarcus, ptolemy, fopernicus, Tycho Brahe, Xepler,
atiten, and eaton) in orqganizing the observations into classical views of the cosmos,

antions ‘thetr ~auses ana offects) from different frames of reference that may he in motion relative ta each other,
Alucvriy gnd maqnetic phenomena ,

lmaptrita in nasrestanding of forces, electrical potential difference, resistance, 4nd current ta explain

rans ey 3l ghenamang,

Wi _Marantaristics, inciading wave lenqth, frequency, speed, amplitude, phase, and propagation n a ned:am,

wide phenomend, inclading transmission, reflection, refraction, diffraction, interference, dispersicn, ind:jes, any
[P LA '

an e aattan |ws, inc) ding mass, momentum, energy and electrical charqge,

sl hateeety the aatyre of space, time, and matter under the assumptioa of constancy of the speed af ltight with

sor e ty gny reference frame, and ] )

*ma Jhwngmens hat ted human kind to a belief in the electron and other constituents and properties of the 1tom.
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" $P1-~SCIENCE CURRICULUM GUIDE 9-12 .
GOAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES,, THEORIES, AND PROCESSES OF SCIENCE.

- OBJECTIVE: B, Practice applying the knowledge of the content of the maJor scientific a1scip|ines in %7e areas of Life
S Physical Chemical and Earth/Space Sciences.

LEARNER QUTCOME: BIOLOGY . -
' evelop and use appropriate biological facts, concepts, and vocabulary, i

Understand. the molecular and cellular aspects of living things, {

Demonstrate knowledge of the systems of living organisms, ' .

Demonstrate knowleage of the relationship between structure and function of living organisms.

Unaerstand species continuation,

Recognize interrelationships between 1iving and non-1iving systems,

Unaerstand that afversity and aadaptation allow for: change through time,

Understand the systematic grouping of organisms, . i )

Understand the factors influencing behavior of organisms, ‘

INSTRUCTIONAL [MPLICATIONS

\omwmmhum

LIFE

Tha tedacher Shouid provide opportunities:
1. %0 learn appropriate vocabulary used in each major biological concept and learn qualities and characteristics of 2ach
concept or term, such as: DNA -- its lncation, function, relevance, position and relationship to life

(%)

. a. %0 observe cells as single living independent units and as part of a larger whole, Experiences in experimenting with
,tne chemical functions of living things, such as detecting starch production in plants, detecting digestion in saliva .

!

h, to axplore the use of the NNA code in an activity, such as constructing a.protein model
¢. to compare and contrast mitosis ana meiosis, sucii as modeling with pipe cleaners fb identify stanes on slide;

4, %0 sOive problems uysing principles or genetics, such as: dominance, independent assortment, linkage, and. human
genetic wisorders _

3. a, %0 i1dentify with parts of a system within a living organism:

{.e. circulatory system with heart, lungs, veins, arteries, blood, etc.,
jascular tissue, including xylem, phloem, seive tubes, etc., and . ¢
reproductive system

b, %0 exblore factors thet influence the efficient functioning of the system, such aé:

i.e, exercise
smoving
qint
lifa sts1e
4isedse )
¢, Tamnare simitar systems in aifferent organisms, such as: the circulatory in humans, frogs, qrasshoppers to itiustrita
poth 2pen and closed systems,

1. to abserya the relgtionship of structures and functions of things

© e, 9tant 3nd animal cells aith attention to cell wall and chloroplasts
sn452 of o1in% leagves and function they serve with attention to teaf thickness and locition of stoma’
snige 2f oi1rg hedak and the type of food it eats

3. 4. %) ubdjerve 4nd compdre sexudl and asexual reproduction, such as yeast and hydra buad1ng, flower dissection and ¢
pradution

3%y compary antho 1, af Jeva2iopment, such as: metamorphosis and embryolagical processes in chicks and starfisn

(1 |
dop)

(&




INSTRUCTIONAL [MPLICATIONS !Continued)

LIFE

-

6.

S.OBJECTIYE B. BIOLOGY Continueg

A, to experiment with ene gy in living systems

i,e. photosynthesis, use different colored lights; different intensities of light,
germinatfon of seeds; varying temperature, number of hours of light etc..
fermentation and the making of cheese and yogurt,

"mode! buildine using ATP, and

design a food chain and ueb; including water cycle and gecomposers
6. to explore relationship'of abigtic system 6n an organism

i,a, relating flora and fauna to altitude, and
S10me determination factors

¢. to explore the parameters with which living systems can exist
i,e, competition for food and shelter,

carrying capacity of the land, and

temperature range

1. to explore the impact of humans on the environment

i,e, pest control through the use of insecticides, and

acig rain ¢

4. t0 examine evolutionary theories of Lamark, Darwin, Gould, and etc,

s

b. to study examples Of change through time

i,e, camouflage,
gpographlc isolation, ang

structural adaptation, such as teeth of carnivores ana herbivores, or the development of Equus.

1, to create a dafchotomous classification key

‘b, Jse 4 classification key to separate organisms into logical groupings.

2, Jsa an existing tasonom;, key to classify organisms.

i,a, Yortnwest conifers,
mirine jnails,
qeiert «ldflowers

1, to opserve characteristics of the major kingdoms

4. to experiment with environmental stimuli on organismal behavior
1.9, qeatropism,

phﬁ'auroo'sm,

ini-nal response to tumoeraturn ¢hange, such as crickets,

Matiag Yenasrar Of animals, and

~319r cnanges 1n grganismns, such as fiddier crabs and chameieons,
5, %0 tudy instinctive and learned behavior

t.a, teeritnariglity in guinea pigs, and
nize in ndzas

1§
\z




et e o e §oE e s e e menge

GOAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCE.

"OBJECTIVE: B, Practice applysing the xnowledge of the content of the major scientific disciplines in the ar~a 3¢ Life, L
Physical, Chemical, and Earth/Space Sciences.. C i

LEARNER QUTCOME: CHEMISTRV
: ccurately pred1ct what «ill happen during chemical events, L
5 2. Accurately describe chemical phenomena and changes in physical and chemical properties of matter ool
1. understand elementary atomic Structures and the requiarities in the Periodic Table, ]
i, Develop and use an appropriate scientific vocabulary,

INSTRUCTIONAL [MPLICATLIONS

CHEMISTRY

The teacher should provide opportunities:

1. 4, for the student to make qualitative predictions of results of chemical reactions based upon the elementary reaction
classifications of single displacement, decomposition, double displacement and synthesis -,

3 , b. to make quantitative predictions of the results of chemical reactions based on stoichiometric principles

2, to observe and describe physical and chemica) properties of matter and the changes that occur as a result of chemical
properties of matter ]

3. 4, to become familiar with the modern model of the nuclear atom and atomic theory
b, to understand the statistical nature ¢f the electron and the significance of the orbital concept
N ¢, to develop the historical context of major theories, such as: atomic theory, oxidation, electrostatics, atc.
1, to understand the siqgnificance of -the atomic number and chemical periodicity as protons are added t9 nuclei |

. %3 ledarn appropriate chemical terminology using operationa1 gefinitions developea in the context af the liboratory iang
1iscussion, ratner than relying upon a glos.ary or dictionary

o8
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. SP1-=SCIENCE CURRICULUM GUIDE 9-12 . B ) “-Ij
GOAL #1: DEVELOP AND APPLY KNOWLEOGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCE. s

0 OBJECTIVE: B. Practice applying the knowleage of the content of the major scientific discipiines in the-area of Life,
s o . ‘ physical, Chemical, and Earth/Space Sciences. '
LEARNER QUT.OME: EARTH/SPACE SCIENCE - : B ' - o
' [, Develop and use an appropriate scientific vocabulary, : "
2, Understand the interactions of matter and energy in processes within meteoroloqy, astronomy, 3e0iogy :
and oceanography, in describing and explaining natural phenomena occuring in earth ana space,

INSTRUCTIONAL [MPLICATIONS

Lt

)

The teacher should provide opportunities:

EARTH/SPACE SCIENCE

. 1.. for the student to oevelop'E working knpwledge of the appropriate earth/space terminology
f.e. in LEQLOGY:
to relate the process of rock formation to changes in time, temperature and pressure
“to relate disastrophism, mountain builaing, and rock cycle
to investiqate dynamic processes that change the earth's crust
in ASTRONOMY:

o study the birth and death of stars in the universe .
‘o explore the properties of the interaction between the members of the solar System, galaxy, and the rest of the.
univarse, such as: constellations, gravitational interactions between celestial bodies, and black holes

in METEQROLOGY:
*n5 wxplore the effect of the sun’s heat on earth-wind pattern development : - ’ )
tc explore the dynamic interactions between the atmosphere, hydrosphere. and lithosphere, such as the water cycte, ’
w#ing patterns, jet stream, and weather
‘n QCEANOGRAPHY: : “ - . . C
*5 s%uay the effect of waves on beach building and coastal composition and appearance
5 adniarn the 1ynamic changes within the ocean, and processes that control salinity, density and turbidity currents,
Tignt penetration, ang Zonation '
2. far the student to develop an ynderstanging of processes and their underlying hasic principles
1.2, w0 GEOLOGY:
13 prodiat the futyre of the major landforms on earth based on continental drift and plate tectonics
in ASTRONOMY:
%o recuqgnize the impact of the moon on tides.
'n METEQROLDGY :
*3 racagnize that asedther is 3 function of changes in heat, pressure, and earth's rotation,

n YCEANDGRAPMY -

*n understand how sea surfdac processes like heating, cooling, evaporation and precipitation control the vertical
sveqctyre ind circalation of the oceans

&1
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S SCIENGE CURRICULUN GUIDE 912 . - o . e
GOAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCE.
OBJECTIVE: C.

Toiproauce an unaerstandxng of some basic generalizat1ons. relac’ onships. and principtes applied to all
s¢ ences.

o LEARNER OUTCOME: 1. Recognize that most-events in nature occur in a predictable way and are unaerstanaable in terms of

i cause-and-effect relationships,

' Understand that natural laws are universal and are demonstrated throughout time ana space,

. Recognize that through classification systems, scientists bring order and unity to apparently
gissimilar and diverse natural phenomena.

4, Understanda the tentative nature of science,

SRR
R

INSTRUCTIONAL [MPLICATIONS

PHYSICS . CHEMISTRY . LIFE . EARTH/SPACE

The teacher should provide opportunities:

l. a. for experimenting with predictable events, testing cause-ana-effect relationships

“i,e, lighting of bulbs in rates of chemical reac- photosynthesis planetary motion
circuits tions germination tides
falling bodias chemical equilibrium study of a yeast or daph- erosion

motion under xnown forces phase changes: meliting

and boiling points

nia population
enzyme actions
osmosis

b. to observe that events carried out under the same conditions yeild reproducable results. e.g. Acid-base titrations,
gravimetric experiments. .

7

c. to see that laws are applicable universally, such as: (see Appendix 8)

f.e. 1aw of gravity statistical nature of laws of inheritance law of gravity

behavior af light matter laws of conservation of hydrodynamics )
ralativity of space and thermodynamics mass and enerqgy thermodynamics
time - electrostatics universal use of ATP

@

kinetic theory

3. for axperimentation that w~ill allow students to aevelop and use classification systems that demonstrate order and unity
in nature, such as:

f,a, fielq theory
density of sinking and
floating objects

equilibrium
electro-chemistry and redox
chemical periodicity

biochemistry

atomic¢ theory, e.g. mole-
cules in osmosis; ONA
replication

taxonomy

fdentification of objects
in the outside of this
solar system

classification of rocks,
land forms

geologic time

4, for the student to realize that science is a dynamic process that changes with understanding

1,e, ahsotute space time
vs, relavant time

Thompson, Bohr, and Quantum
mechanics models of the
atom

Lamarck, Darwin, ana_Goula

Ptolemy, Copernicus

60
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$P1--SCIENCE CURRICULUM GUIDE 9-12
" WAL #1: DEVELOP AND APPLY KNOWLEDGE OF OBSERVATIONAL FACTS, CONCEPTS, PRINCIPLES, THEORIES, AND PROCESSES OF SCIENCE.

~—~0BJECTIVE: 0. Apply the content and processes of science to the understanding of social, environmentd! ang technologizal
B problems, - o . R S ’ _

1, ldentify existing and potential problems,

2, Gather data relevant to the problem.

3, Evaluate opinions and proposed solutions,

4, Analyze data to better understand the problem, to form an opinion, Gr to propose solutions, ..

LEARNER OUTCOME:

INSTRUCTIONAL [MPLICATIONS

PHYSIES . CHEMISTRY . LLFE : EARTH/ SPACE

*he taicher shosld proviae opportunities:

P. toestudgents to identify current social, environmental and technological conditions presently causing problems or having
sho potential to cause future problems . .

t,a, auclear pragucts: | chemicals: " bioaccumulation of toxics ~acid rain ’ -
‘waste 1isposal B transportation . genetic engineering . soil erosion due to cultiva-
transportation storage . energy intensive croices tion techniques
rangiing . location and design of in 1ife styles--buying bulk pollution of water tabie
zcigents ang spitls .. plants vs, small packages wrapped irrigation and salt deposits
use of fertilizers many times orbiting space Jjunk
salting roads in winter gap between medical and cultural impact of vechnolo-
technical capabilities and gical capabilities, such as
soctal and legal develop- supplying water %0 nomadic
ment-11fe support systems; societies '

embryo transplants

2, for stuzents ta gather relevant data to jnvestigate an identified social, environmental, or techno.ogical problem 4sing
primary sources ’ .

1.2, analyzing sater, soil, and air samples'
interviewing plant managers ang technicians, etc.
counting trains or trucks with chemicals

ing 45ing secandary sources

.0, Journals and magazines
pnyironmenti! impact statements
jovernmental repor.s

1. f9r stugents to evdaluate reliability of their sources of information

1,8, Joéipriment s0urces
soinyision, industrial reports
newsnapers 4nd nagazines
‘adigvdual Ipinions

€, students tn inalgze problems, form opinions, or propose solutions reqarding social, anvironmental, and
sarnngnqicyl is5ue8

2. Ah3% 5 te salig retevant anformation?  J0 you need other information?
Wn1s 3e3 %wa 20553+ %hle interpretations of the implications from the information?
Cya 45c *ne inéqpmgtiga affect ynur opinion on the issue?

Ani* ire some 30%515le resolutions of the issue or solutions to the problem?
4n4* 11111504} nfarmation would be desirable?
ANt a0t s hange gour opinion?

p e T == = oy g ~® AR

o]
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SP1--SCIEMCE CUXRICULUM GQUIDE 9.12 - R - S
GOAL #2:. DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND [N GATHERING AND COMMUNICATING SCLENTIFIC INFORMATION,

OBJECTIVE: A, Assemble and handle lab apparatus, tools, materials, ang living organisms in.a skilled and responsisla manner,.
. 3ising due attention to accident pravention, - :

NoTE

St e 7=

LEARNER QUTCOME: . Manipulate in a safe manner appropriate materials, apparatus ind equipment,
2, Acquires and 3ssembles appropriate science apparatus, materials, and equipment ‘n arder to o5tain
" gesigrated data, : o
Proper and safe disposal 2f all laboratory waste, )
Matntain appropriate life supporting environment for laboratory arganisms,

. Cares for and uses organisms in a responsible and legal manner,

INSTRUCTIONAL IMPLICATIONS

PHYSICS . CHEMIS “RY . LitE ' . EARTH/SPACE
Tﬂe':eacher shod4id provide opportunities:
L. 1, %o demonstrate the proper technique and safe hanuiing of equipment and materials

5. far 3emanstration of the use of safety equipment such as an eyewash station, fire extinguishers and personal safet,
dqupment :

or posting safety rules, charts, and posters
1, for stJGents‘to observe the teacher modeling personal safety procedures such as the wearing of safet; j0973!2s
g, for sthool sistricts to anticipate a budget for the purchase and maintenance of lab equipment and matarials; safely
. 3,.% monitor the assembly.and use of laboratory equipment
5, fr Droviding ‘the maximum opportunities for students to construct.and manipulate equipment and materials 7
2. 2. W jiwe procecures for the proper and safe disposal of all lab wastes using labeled waste containe 5 in the 'ab 35
12propriate--The wastes will then be dispursed {n a manner consjistent with the current directives ‘n waste

1and jement,

3. %3 2staplisn procedures for cleanup in case of accidents or spills

i. ‘0 Jroperly ina responsibly care for ¢lassroom organisms

N/ A N/A i.e. for students to keep space simulatror 3ad sthe-
organisms in a ¢lean and experiments irs %9 Sa ¢Hn-
non-.stressful environment, ducted with regara ta safet,

“ang preservation »f any
living organism being use:
for instructional purposes.

5. %2 use established procedures wheh using organisms

WA N/ A i.e, for students to become aware of establisned guidalings
from organizations such as NSTA and NABT renardaing the zare
of experimental 3nimals,

Teachers snhould be sensitive to the 2motional neeis 1€ 3° .
dents when dealing with organisms,




- SPl-=SCIENCE CURRICULUM GUIDE 9-12 _ .
?E. GWOAL §2: DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND IN GATHERING AND COMMUNICATING SCIENTIFIC INFORHATION.
f;MQQJECTXVE: 8. Gather qualitative and quantitative information, - ' |

" LEARNER OUTCOME: 1. uather information that has been generated from a variety of sources.

2: Measure accurately using standard metric (S1) and the English systems of measurement,

" INSTRUCTIONAL IMPLICATIONS

PHYSICS . CHEMISTRY . ' LIFE ) EARTH/SPACE

g

The teacher should provide opportunities:
1, to gatner information from sources such as:
3. quest speakers .
b, journals
¢. textbooks
g, public hearings
2, direct experiences, experiments and observations
2. 4. for instruction in the use of metric system, including the prefixes and subunits
b. to use scientific notation and significant figures correctly when appropriate

n. to accurately read instruments to appropriate level of pre;ision

OBJECTIVE: €. Record observations accurately and organize data and fdeas in ways that enhance their usefulness,
LEARNER OUTCOME: 1. Maintain an accurate record of primary data, recorded at the time of the observation,
" 2. Conuitruct appropriate charts and tables to clearly illustrate the data in 3 systematic manrer,
3. ‘Yse a computer to record, manipulate, and display data.

INSTRUCTIONAL IMPLICATIONS

P4YSICS . CHEMISTRY . L{FE . ’ EARTH/SPACE
Thy teaciter should provide opportunities: |
.. a. for the use of appropriate charts, graphs, or data tables in order to record data at the time of observation
b. far student; to maintain a lab data notebook consistent with standard research documentation
2. far students to develop techniques needed to construct data charts, diagrams, tables, and graphs
3. 4. for ase Af appropriate suftwace for the recording, manipulating, and displaying of data

n. %0 nhtain hard copies of computer obtained data

og)
o
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22 §PL==SCIENCE CURRICULUM GUIDE 9-12

GOAL #2: DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND [N GATAERING AND COMMUNICATING SCIENTIFIC INFORMATION.
QBJECTIVE: D. Apply Jppropriate mathematical ;bncepts and skills in interpreting data and solving nroblems,
LEARNER QUTCOME: 1. Apply appropriate algebraic, geometric, and statistical techniques to manipulate data.
.2. Use measured data to derive mathematical expsressions to describhe phenomena,
3., ‘Manipulate appropriate mathematical relationships to solve problems,
INSTRUCT{ONAL IMPLICATIONS
PHYSICS . CHEM[STRY . LIFE EARTY/SPACE

The teachar shou'd provide opportunities:

1o %0 roview math skills such as dimensional
procedures, - Cotlect data and apply to:

oo, opendulam 1w
qeadton's |iws

Perfect Gas Laws population dynamics such
as growth rate densities,

and distribution

2. for the student 5 manipulate data to generate a mathematical relationship, e.9.:

i.e, csentripetat forze
sxperiments, current,
resistence and potential
difference in electricity

Charles’ Law Colorometric
gxperiments

Enzymatic reactions vs,
temperature changes

. 3. t0 applys mathematical principles to solvé problems in science, e.qg.:

Q

ERIC

Aruitoxt provided by Eic:

Derive molar volumes from
measurements of gas col-
lected in a stoichiometric
reaction, ’ ’

toa, <atcaliates rates in
notign e«periments

calculates population trends
from data-Hardy wWeinberg
equation; surface to volume
ratfos of cells

analysis and give examples of how the data can be manipulited through math

hydrostatic equation, hea®
capacity of water, latent
heat of fusion and evapori-
tion

water wave speed experi.
ment, ahsorption af light
in water for different

wave lenqths; using P and §
waves to determine the
locus of an earthquaxe

Calculate Doppler shift
by measuring rate of
shift toward the red and
of spectrum,

QBJECTIVE: €,
LEARNER OUTCOME: 1.

fommuynicate with others in a manner that is consistent with scientific reporting,

Apprapriately represent phenomena, relatiqnships and explanatfons with words, equation;, numbers and

diagrams, X
2. !se the appropriate level of written and oral skills to transmit self-generated and acquired wnowlagjo
to others,
INSTRUCTIONAL IMPLICATIONS '
__pdvsias . CHEM{STRY . LIFE EARTH/SPACE

wqihars shngid provide opportunities:

Lo f3r0 statents %3 1n0052 proper vocabuliry, equations or diaqrams for the method which communicates the ‘nfirmation wnge

Mar7¢ly, acearataly, and i3 most easily understgod, such as:

1. tne appropriate aljedraic firm to represent direct and inverse relationships

b f slope-fatercept form of 3 straight line equation to describe rate of chanqge
Lodetectang 1oagrams, photas, ind schematics to show relationships, and applications
i.osmiper e 5f vocabulary to eliminate ambiquity and misunderstandings

pootae e staptent ta qlearly and concisely describe the problem, observed data, and conclusions

nyrnue 4 0n 45
v, Afrar
2t gt ahser el phenomena to concepts and orinciples,
Yaro sne

A0 It riing anstracts and Bibliographies

TET T I C o v Y YT O STV T ¥y e

6%4

. .
BITEIUSS SR S STCATEINCEINDT § 2 RTSSTIT SN ETATAMCAS. S VM R NI SRR T TR Ty - = e st med R 4 e rped

in hoth writien ang 3jrj!

i activity, the student should be able tn provide 1 clear stutement af proceduras 4sod 1ng aut tome

Sordentoty prepare g variety o9f scientific reparts such as Libh reports, argl aresenthitiong, cyreenat tapis
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SP1--SCIENCE CURRICULUM GUIDE 9-:2

GOAL #2: DEVELOP SKILLS IN MANIPULATING MATERIALS AND EQUIPMENT, AND IN GATHERING ANO COMMUNICATING SCIENTIFIC INFORMATION.

" OBJECTIVE: F. ldentify sources of error, inconsistencies in measurements ana other threats to the validity of findings.
. Evaluate the methodology of the experiment, in problem solving. etc, as to 1ts appropriateness,

. Ability to calibrate instruments,

. Ability to apply appropriate statistical methods to determine fitness of data.

INSTRUCTIONAL IMPLICATIONS

“"LEARNER OUTCOME: 1

w N

PHYSICS . CHEMISTRY . LIFE . EARTH/SPACE
The tedcher should provide opportunities: '

1. 3, %5 3:5Cuss ~'n students varied approac'ies to the problem, and the type of equipment and measurements that shouldl be
taxen, prior to setting up the laboratory experiments

¢
5. %0 selact one ar more means of data collection consistent with equipment availability, and student backgrouna
1. Evaluate r-sults relative to anticipated outcomes.

4, Evaliate level of precision and accuracy of instruments.

‘a, for students to collect and report their data honestly and accurately

for instruction in tnstrument calibration

ro
.
[+
-

5. %0 provide stanadards consistent with the requirements of calibration.

3. Provile moaels far the handling of data in order to evaluate it using procedures, such as: standarad deviation, chi
square, least squares, and linear regression, as appropriate. :

(op)
i

64




UL e gy B R e ST ey
. . N

" -WOAL 43: DEVELOP AND APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SKILLS,
OBJECTIVE: A, ACqQuire the ability to collect ang process data,
LEARNER QUTCOME: 1. Skill development in gathering data,
2, Skill development in drganizing ana describing data
3. Skill aevelopment in comparing and evaluating data,

. *NSTRUCTIONAL IMPLICATIONS

o PHYSICS . CHEMISTRY . LLFE , EARTH/SPACE ¢

1

'j' i. A, Teacher w111 provide students with opportunities to decide what informat1on s relevant and to recognize lack of
R needed information, , ' .

D. Teacher w111 yrovide students with problems/situations that contain more information than is needed ana 1ack of some
negdaed information so that the student can discriminate observations from inferences, fact from opinion, atc,

i.e, Qbserve electrascope Candla burning, what Observe animal tracks Observe apparent motions
tea/25 ana infar conditions 42 you observe? What can you and infer what animal made of stars from earth and infar
2duifng changes, fer? - them, : possible models to fit absar.

C. Teacher will provige students with opportunities to formulate their own questions and gather data to answer quese-
tion;, designing and conducting their own experiments. ) .

f.a. ldentify ana investi- ~  Design and construct an laentify and investigate ldentify and investigat:
a2 fictors selieved to Electro Motive Force (EMF) factors believed to affect a the factors affecting watar
' affact friction, Yow mea- cell to ?roduce a maximum population of organisms, holding capacity of soil ar
surd friction? How %0 potential difference and the speed of flowing watar
- medsure 2ther factors? $urren$ for a specified min- in a stream,
mum time,

1. Teacher w'11 provide students opportunities to measure, observe and record, and uyse numerical scales to order
ons2rvations ang measurements.

2. Teacner wilt srovige opportunities for students to:

4, serially arder gata, :

b, transiit2 data symbols into words, pictures, graphs, etc,, R

t. hevrarchicaliy organize data,

d, inalyze data far range, average, median, mode, variance, standard deviation, etc.,

2. determine products or ratios of relevant quantities,

f. descrioe properties of systems and subsystems,

7. escribe changes in properties, and

h, 1escrive relavant interactions.
f.e, Reprasent the motion For objects made of one Describe the sizes of Design and apgl/ 3 ¢clas-
1€ an ahject using data, substance, determine the members of the population sification scheme “r rocks,
Livle, Woris, strobe pic- . mass and volume of each and the numbers in various Design how %0 descride the -
tara, Jraphs ing qestyres and determine the ratio of size ranges, _distribution af area 1€ .2
ai%h nang, ) mass to volume for each. ' sea hasin with gepth, 8

3. feacher; #ill provide opportunities for students to:

1, leternine whether the quantitative property was more, less, or the same
;t, fram ane %ime to another, or )
vi1) far ane part of the system compared with another,

5. compare averanes of qrours of data,

Z. seer c01sistency among forms of descriptions of data, and

3, ompdre daty and methnds of describing data and demonstrate their rationale for explaining the results,

. L. oW DG e work e 15 the total energg of Are the sizes of the Yow does innual! riinfitl
JY et 3fF e aully Sysctem the system after the orqanism in one papulation in our state prijyr to avyp.
LATmNTe AN fhe 0Ty nut redction the same as it was significantly differant from tion of 1 voleano compire yiseh
Mt the tystem? Show how pefore the reaction? How -the size of that arganism in rainfall after” How 181 y0u
VTR ELAR TN ; 40 you know? ) another environment? How 4o define iverage rainfali?
you know? *

Thyther 4ilt Mave jtudents compare datd by use of graphing techniques.

Lt Al gaae graphs - Are your qraphs, tables, Are your graphs, tables, Are your qriphs, tahlasg,
PiLien Doanr i, int aictgres wWOrids, ang pictures of data words, and pictures descride WOrds, and pratures descrilya
IS iny tne .yt con. consistent with Boyle's Law? ing the population change? ing the precinitation
stutent 4itn aych gtner? pitterns consistent®

uw in g0 teltt?

. . .
cad el ol 4 - T T T ST A T T T R OO R T Y N3 MM i LI EP EERTE SR S

ERIC |

Aruitoxt provided by Eic:
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"< SPLa+SCIENCE CURRICULUN GUIDE 9-12
©'GOAL #3: DEVELOP AND APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SKILLS,

~OBJECTIVE: B8, Acquire the ability to generate ideas. . _ T
. LEARNER OUTCOME: 1. Students will learn to generalize ideas: : . - R AEEE
i a. infer visual, attributal, qualitative, or numerical patterns,

b. synthesize observations into 3 new concept,

C. synthesize new observations with an existing idea,

d. invents the operations that define an idea ?create an operational definition),

&, generalize a conclusion from observations, and

f. search for similar patterns in similar situations. . : L
2. Students will learn to infer relationships: - -

a. hypothesize a relationship between variables, . "~
b, infer a mathematically functional relationship, and :
¢, infer a correlation of variables, _ .

3, Students will learn to reason hypothetically:
‘a. invent and/or use an analogy to bridge understanding,
b. use inductive arguments to infer a conclusion,
¢. use deductive arguments to infer 3 conclusion, and
d. use indirect rational argument to infer a conclusion. . i

INSTRUCTIONAL IMPLICATIONS !

PHYSICS . CHEMISTRY . LIFE . EARTH/SPACE

e ——

1. a.-f. g A

T2acher will provide opporturities for students to generate new ideas and revise existing fdeas. This takes time, but

the skill of being able to generate new knowledge will be more necessary in the future, 1t is worth spending time

Jeveloping the ability at the risk of not covering as much content. Because you are trusting the students to generat: o
the ideas from their observations, be cireful to choose experiments, equipment, and procedurss that reliably will produce -
j00d results, -

It is critical it this stage to allow/encourage students to take risks, to make suggestions that will likely turn out to
be revised. Students should be rewarded for making the effort at the risk of being wrong and answer the questions; What
do your observations of , , . tell you about the nature of .. .7 Are these new oservations consistent with our
qeneralization from yesterday? Ln what way? [f not, how do we need to revise our generalization?

1,2, what common theme qdo Wwhat common theme do you What common theme do you what common theme do you see
-4ou sre 10 all the simple see in perioaicity? In see in the species concept? "{n the comparison of weather
machines?) atomic theory? ' what evidence do you have with climate?

that man is a machine? -
J4hat evidence do you have what evidence do you what evidence do you have what evidence do you have
that 119ht behaves like have that electrons inter- - for natural control cf that weather affects rock?

1 wave?) act in chem, reactions? population?

2, a,.-c,

Teacher will provide activities 'herein students are expected to infer relationships. . '
Jnger 3 constant accel- from ail our experiments, Does the possession of a what are some meteorological
eritiaon ‘n 4 straiqht line what is the relationship trait correlate with the factors possivly affected by
na4 '% tistance traveled between the amount of oxygen possession of any other the eruption of a volcano?
ralarag to time elapsed? and the amount of hydrogen traits? what is your evi- Why do you helieve so?
produced in electrolysis of dence? How confident are
water? wWhat do you mean by you that a correlation
amount here? exists?
3. a.-4d.

(

Tagcher w111 enénurage students to reason hypothetically,

2an gou cone up with another system that is analogous and that can help us understand 3 new system?
Aescripe the "sf . . ., then" links in your argument.

{f sov. conclusions were not true, where would that lead you loqgically? s there a contradiction?

67 ~
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"SP1-~SCIENCE CURRICULUM GUIDE . 9-12
GOAL #3: DEVELOP AND APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SKILLS.
OBJECNIVE: C. Apply ideas andfor data to situations and problems,

t;'aAﬁuA | | S

OUTCOME: " 1. Apply/ learned ideas:
a, seeks opportunities to apply learnea ideas, :
b, appifes learned ideas to given situations or problems, ang :
¢, identify probiems or situations for which it would be appropriate to apply the learned ‘gea.
2. Apply problem solving skills: . .

. W

a, fully describe the problem, , 1 S
* b, identify which principles are relevant to a particular problem or situatiom;
€. make an educated guess at solutions to problems, . o .
" d, attempts a-qualitative approach to the problem before using formulas "and specific numbers,
o @, chooses an appropriate equation or set of equations for the particular problem, '
f. acts out conditions of the situation to seek a possiole solution, and

g. fdentify relevant and irrelevant variables in a problem/situation,

INSTRUCTIONAL IMPLICATIONS "

T

PHYSICS . CHEMISTRY . LIFE . __EARTH/SPACE

1. a.-b,

Teacher will provide stuaents with many opportunities to apply ideas learned in ciass, and enEOurage students to applys

igeas, - ®

e ' .
f.2, de've baen studying Apply the pH idea to the ~ What does the protein we've <After seeing how the
Jatteries and bulbs circuits effects of soaps and shampoos  been studying have to do .1ighted portion of 3
fn class, «hat 10e. this used around the home. . with your eating habits at sphere appears from various
ni1ve t0 40 with the eleg- home? _ locations in 3 room, “ow
tricity in your home? might you apply this %o
’ . describing phases of the
moon?

‘oo C. - AY

Teacher will encourage students to identify situations in which learned ideas apply.

i.e. Give several situations, for which ones does a particular principle apply?

2, 4,-d,

Yeacher #ill focus class activities on techniques for improved problem solving skills as well as obtaining a solution %3

the problenm,

Hote: Student; are generally more successful at solving a problem if they have first of all dascribed the problem
compiately  {e,q. From the given information and any reasonable assumptions, tell me as much other information as ou
¢an 3dout the situation,) s

2, e,-q,

Teaches will orovide activities that focus on describing a problem including (1) ldentifying're!evant varigbles, 1ata,
na a-iaciples, and [2) developihg approximate or qualitative solutions as well as developing a ful! precise snl-tinn,
.2, Gigen tne fallowing information about 3 situation, describe as much as ,ou can adout the situation, 1s¥ing 1nd
inswering sour 2wn relevant questions before you address the specific questions in the text,

) a
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“§P1-=SCLENCE CURRICULUN GUIDE 9- 12 . . | |
GOAL #3: DEVELOP AND APPLY RATIONAL, GREATIVE AND CRITICAL THINKINu SKIL'S.

“heck eeperimental results by: .- : .
1. suggesting or conducting a replication experiment, : v
- b. checking actual, experiment results Acainst. predicted results, s R
. ¢. revising a hypothesis on the basis of experiment results,
S : 4. suggesting 4 modeling situaticn tn test results, : . T
revising experimental design to more accurately answer the question or test the hypthesis, and s .
. Attempting to extrapolate the results to otier ¢ tuations to check thair validity,
2. Check logical arguments by:
a. considering assumptions, premises, and conclusions made in arguments,
b. retracing steps followed to generate a conclusion or solution,
¢. working backwardas thrnugh steps in an argument, and ) .
.. 4, checking the validity of each "if, they" link in a chain of implications, 3
"1, Check the solution to a problem. by: : '
1, checking the reasonableness of the solution,
'y, making an estimated or approximated solution to check the actual full solution,
‘t, solving problems using more than one method,
3. seeking muitiple solutions in situations where they might exist,
2, avaluating solutions to ‘
{i} aetermine if the solution is of value, and
- {ii) determine {f the solution is the hest one available, and
f, checking dimensional units- to see .if answer is consistent.
4, Reftect on their own learning _
a. faentifying when they understand and wh2n they do not, and
b, igentifying what they understand and what parts they do not,

INSTRUCTIONAL IMPLICATIONS -

!

IR AN
N

i
b 30

PHYSICS . CHEMISTRY o, LIFE , : EARTH/SPACE

<l oaL-f,

Teacher w11l encourage students to note and resolve discrepancies between their personal, existing understanding and the
specific results of the just performea experiment,

s

-~ Tni; is another area where the teacher needs to be sensitive to’students taking risks. |f students are to he expectad %9
:ndnge their jwn thinking, they need to feel comfortable discovering that their initial ideas were not correct. They will
need time and be given continued opportunities to resolve discrepancies.

1.0, Does sour result make sense in light of your ideas? Are there difficulties with the experiment or with your fnitial
taeas? what are you going to do about {t?

2. 3.-0,
Teacher #ill explicitly ask students to describe their reasoning,
ahat d55umptions are associated with the equations you used to solve the problem?
Ahat assumptions and reasoning are you using when you apply these concepts on a larger scale?
40w 414 sou come to that conclusion? ODescribe vour reasoning,
consier providing students with critical examy'cy of reasoning from the history of science; Galileo, Darwin, atc,.
3. a,-e, ‘
© Teacher w411l ancourage students to check and evaluate their solutions, ‘
Jues jour answer seem reasonable? .
s6ive the prubiems another Way and compare your solutions?
~an jou suqggest several possible solutions? what are ‘they?
{5 the solution feasable? (s it a "good" solution? which solution is the best under the circumstances.
jo the umits dssociated with the terms on one side of an equation match with the units of your answer?
4. 1.-0.
togchar w1tt provide students chences to reflect in writing on their own learning,
On esch prodlem/question indicate your level of confidence in your understanding of the related ideas”

AML 1o gy need o bnow 1bout in order to form an opinion or solve the problem?

. 3
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- GOAL #3: DEVELOP AND APPLY RATIONAL, CREATIVE AND CRITICAL THINKING SKILLS.
"OBJECTIVE: E. Antrripate future situations ang problems,

'=. " LEARNER OQUTCOME: [, Preafct future consequences af present actions by:
e ’ 3, appiping cause and: effect retationships. : . CooreER
b, axtramlate present trends into the future, . ' ' o
c. envis .n conditions in the future, and
4, fdentify critical factors affecting conditions 1n the future,
2. Develops pnssible alternatives to solve anticipated problems:
a, considers or invents possible future breakthrough in ideas on technology,
b. consider possible impediments to proposed alternatives, and
¢, cunsider nossible consequences of proposed solutions,

i

. INSTRUCT{ONAL [MPLICATIONS - ' s

PHYSICS _ CHEM[STRY . LIFE . - _EARTH/SPACE
Lo oa.eq, . | | | i
Teacher w111 provide explicit opportunities to anticipate future consequences.
i.e. Anticipate the soil capabilities to produce food under various agricultura! policies and practices.

Anticipate the possible consequences of the development of nuclear anergy resources as opposed to presentl, used enerqy
sources. :

Read outside of science to see the broad picture (mega trends, corporate structure, etc.)
2. 1.-c.
Teacher provides explicit opportunities to invent/suggest possible alternatives to solve existing or anticipgtan prodlams,

e, opportunities to discuss impacts of hresent decisions on the future, éuch as: clearcutting the trapical ra'n
- forests will cause changes in (1) soi1l retention, (2) ecology of the area, and (3) amount of atmospheric £n-

Jpportunities to discuss causes of {1) worla hunger, (2) energy issues, and {3) the way we spend our dollars f3r
resedarch .




* $P1-~SCIERCE CURRICULUN GUIDE 9-12 ' . : ' .

GOAL #4: TO DEVELOP VALUES, ASPLRATIONS, AND ATTi7,DES THAT PROMOTE PERSONAL INVOLVEMENT OF THE -INDIVIDUAL WITH THE ‘ A
ENVIRONMENT AND SOC l ETY, _

e OBJECTIVE: A, Acquire a.positive realistic self-concept, A - A _ o

i

LEARNER OQUTCOME: 1. Achieve attitudes and behaviors of a ﬁelf-airected learner,
2.° Demonstrates and values personal decision making.

INSTRUCTIONAL [MPLICATIONS

PHYS ICS : CHEMISTRY . LIFE . EARTH/SPACE
i. The teacher should provide opportunities; .
a, for staaents.to follow girections when given once;
. tor students to work. in the laboratory successfully with minimal supervision;
c. for students to follow through on ingependent projects; -

1, %0 praise students who work well in a self-directed manner; and

n, to resard students for staying on-task, carrying out independent projects, taking the initiative by proposing new
1venues of study, going to science exhibits, movies, or events, and reporting back. v

2. The teacher 3hould encourage and praise students who demonstrate the ability to make personal decisions.
1, for the analysis of persconal. values:

fon. funding far YASA industrial employment vs,. endangered species vs, 1and strip mining vs. environ-
+5. Bdsig research . pristine environment use mental protection

i
3. f3r choices Jn tern paper topics or renorts,
TLoty rawieq stugents who perform af a level c¢hallenging their abilities or talents, and

1. furospen-enied getigaties aith high success rates:

T2, egirine how tne Jescribe the process of Describe the process of Tescribe the arystailtine
e et comBustion using a4 burning chromatoqraphy and its uses, structura of 3 mineral,
< cangle, )
Rkl R BRI el B e et niy m::uta.r.x:.ml:..-'n_.x_ = oS —a X = [ = S e =y T, L‘ SRS FoTI N T3 T UE I BRI 3 T I SR 08K ey A 45 8-
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SP1-<SCLENCE CURRICULUM GUIDE .12

GOAL #4: TO DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDIVIDUAL wlTh THE
ENVIRONMENT AND SOCIETY, : : :

OBJECTIVE: B. Acquirs asareness ang appraciation of beauty ana orderliness in nature,

LEARNER QUTCOME: !. Encouraje the desire to question, know ind understand the natura) world,
2. Encourages a serse of wonder ibout the environment. '
3. Gains an appreciation and respect of living organisms and accepts responsibility for their cara in
natural and dartificial environments, ;
4. ldentifies patterns in color, form, texture, and arrangement to the design of objects in the
environment in an attempt to understand order in nature, .
5. Helps focus feelings atout asthetic aspects of the natural ang technological world, .-
6, Enjoyment of participating in scientific activities. ’
7. Respect for the process of that interdependence of living organisms that is necessary for their
continued survival in the natural environment,
INSTRUCTIONAL IMPLICATIONS
o PHYSICS R ) CHEMISTRY . . LIFE - . EARTY /SPACE

‘The teacher shauld provide opportunities:

L, to continuousty observe pﬁenomena, developing a gquestioning attitude toward understanding of the phenomena--Teachers
should encourage an open environment where students are comfortable asking questions about their world,

2. %o develop an appreciation of natural objects and events

© 3. to discuss the role of national parks, forests, monuments and wilderness areas

a. to minimize impact on the environment during field studies

¢. for the student to o-operly care for living organisms in the classcoom
4.1, to use approprite visual aids to {1llustrate patterns in nature such as NASA photographs, electron microgriphs,
infrired photography, and holography .

o
B

3. for students to explore micro and macro patterns in nature ‘
f.e, descripes otor pate Describe colors and crystal Describe patterns in teaf Oescribe wind patterns,
rarns in rainboas, gil . structure, arrangements, universal use oce.n currents, rack
licks, 504D of ATP, dichotomous stratification, aryst;l
branching, structure, and constelly-

y tions,
300 far students.to describe their feelings about the isthetie aspects of the natural ind technological Aorld 21%ar scianga

ictiviting such as field trips, movies dand experiments

5. far stunants ta develsp and share science related hobbies and careers

7.ty wncaurige 3 qlabal, ecological perspective of Interdependence between living arganisms, including the ~3la of
1umanting 45 stewards of the environment

.
T T TS ST e S TSI TS Y e oy ey a=a xa. Tmazoxa g R WU TS SR ¥
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¢ 'SPl-~-SCIENCE CURRICULUM GUIDE 9-12 _ '
f‘ GOAL #4: TO DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT OF THE INDIVIDUAL WITH THE
E ENV IRONMENT AND SOCIETY. . :
e QBJECTIVE: C, 9arti;ip$te actively in identifying ang solving societal problems reiated to science ana techoiogy. ffgﬁg
LEARNER OUTCOME: 1, Devetlops cooperative skills in working within a group, L
: ) - 2. _Strengthen attitudes towards conservation, preservation, and wise use of natural resources.
3, ‘Helps peuple meet their responsibility in valuing environmental quality, : G
- 4, Ability to express an opinion on societal issues using knowledge of science and technology to support s
that opinion, : : _ .
. INSTRUCTIONAL IMPL;CATIONS
PHYSIZS . CHEMISTRY o LIFE : EARTH/SPACE
The teacher should provide opportunities; ' ' ‘
1, a, far students to work effectively in small and large groups in labs on ecological work teams, ang in discussion groups
¥, far 3%udents to usa interpersonal skills to clarify ideas and understandings within a §r0up
.. for ‘*ne itudent to assume different group roles ich as leader, recorder, and reporter
S. 1. %3 tagestinate means of harvesting natural resources such as ores, fuels, timber, shellfish, etc, with the least
Mgt n *he envirgnment - :
. %3 Lonsider 1nu/3r partjcipate in the preservation of:a natural object, species, resource, or ecological system CA

1. %2 cnvestcomte the impact of humans on the environment through such things as: pesticides, thermal power plants,
Asirpeiectes | gnaer plants, hazardous waste disposal, sewage effiuent discharge f

av- syt gite the sale 3f gnalztical science in measuring eavironmental variables such as, toxic substances in watar
;4200 1 ca the 3 tnosphere ’

1+, Lo 4 14ty Li.e feam raseiron t0 mare decisions on technological impact on saciety, such 3s:

: EPR I 5 R T Dl o U] shemical plant design artificial organs, genstic nuctagr winter, 1073 =ain
: engineering ’

wape 0y saate et ngmgn gne af resnurees gr modi fication af the enviranment «4ith natural Syc'es, such 33
AT e ey n W ter it

— —

spimm eepeeheS gt A yArAMBETTYT P JuTation, SerLsinimg ta eavironmental quality such as National Tavieanaentyl 9olc s
Lo, ot e Ltate Fagirgnmental Palicy At

)

YLty o vy oLnemant ! capact s raitament,

. .
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" SP1--SCIENCE CURRICULUN GUIDE 9-12
~ GOAL 14: TO DEVELOP VALUES, ASPIRATIONS, AND ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT NF THE INDIVIDUAL WITH THE

’ * . *n . . M

ENVIRONMENT AND SOCXETY.
OBJECTIVE: D. Acquire siowl2age of the Jinterrelationships between science, polwt1cs. economics. raliqion, ang other asdects ,
' of culture, . RR

1. Value science as an activity of males and females from all racial, ethnic and <ultural nackgrounis,

2. Recogmition that scientific investigations are affected by the value system of the abserver,

3. Value science as a participant in the potential improvement of the Human condition.

4, Understand how politics, economics, and value systems influence what science investigation ind
technology develops,

§, “Rearize that scientific truths must be pursued through research even if unpopular or not immegiataly
applicable.

6. Recognition that historical advances in science have been influenced by the cultural
conditions of the time period, ' '

LEARNER QUTCOME:

" INSTRUCTIONAL IMPLICATIONS

PHYSILS . CHEMISTRY . LIFE . £ARTH /SPACE

The teacher should provide opportunities:
1, 1., to use nonbiased materials

for students to read about or listen to males and females from varied cultural backgrounds and ethnic qroups who nave
nade contr1but10ns to science

2., for the stuﬂent to consider the influences of societal value systems on scientific and technological areas of emphasis;

i.e. defense of society and its values implies defense systems research, valuing of the preservation of human
"ife implies medical 1ife support systems research, and the desire for electr1cal power implies the generation ang
transmission of electric power along with its environmental costs,

3. to consider the affect of research in improving the quality of human 1ife:

1o, anaryy 152 Lo prodiae Jgses of plastics ana other reduction of disease . technnlogica! appticat-on

1 higher standard of living polymers from the space proqram such
as biomedica! tatemetry,
erosion contro!

V. 3, for students to identify ways in which various aspects of culture affect scientific research and technolonical
deve lopnent N . e e B —

1,2, nuclear power plants pesticide use, agent orange genetic engineering strip mining; off-shore
drilling

n, to develop 4 debate or essay activity based on the positive and negative aspects of science discoveries

5, %0 recognize that Hasic research may ask questions of nature, application of which may not be known immediitaly

.o, tasers and laser polymerization and develop- DMA research and recombinant Ceramic angineering and ¢ ic¢e
surijery ment of synthetic fibers DNA shuttle tiles

74
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~The tedacher should provide opportunities;

| $PJ--SCIEACE CURRICULUM GUIDE 9-12 ' S ' .

GOAL #4: TO DEVELOP VALUES, ASPIRATIONS, AMD ATTITUDES THAT PROMOTE PERSONAL INVOLVEMENT. OF THE INDIVIDUAL WITH THE
ENVIRONMENT AND SOClETY.

.- OBJECTIVE: . €. Acquire appreciation for science related careers and science learning throughout ones life, : ‘ L ks

LEARNER OUTCOME: 1, Knowledge about the qualities of science related careers that satisfy human needs for creativity, high
. c¢readibility, relevance, active participation and rewards. )
2. Consideration of science as future oriented, preparing individuals. for a more continuously relevant,

effective, richer 1ife,
3. Assume responsibiiity fcr making a realistic decision about the pursuit of a science relatea Career by

consiaering personal interfests, attitudes, aptitudes, and career trendgs.

INSTRUCTLONAL IMPLICATIONS

24¥51CS B CHEMI STRY , LIFE o EARTH/SPACE

A

L. 3. to redd diographies of scientists
1.9, 0 use references or field trips to local facilities that employ persons trained in science

7. tu expose students to current scientific events through media such as newspapers, science publications, and TY, showing
the relevance of science to everyaday life

3, 3. for students to edamine a list of career choices and the requisites to achieve those careers, such as expend1tur= of
time, academic preparation, and costs, in order to make career decisions

). 3. far students %o explore scientific careers through a career day utilizing counselors, former students, and
arofassionals in science fieldas

ELF AL EXE L $.

5
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| APPENDIX A |
DESCRIPTION OF SCIENCE PROCESS SKILLS
OBSERVING

The main route to knowledge is through observing using all the senses., [t
is a adistinct process by which people come to know about the characteris-

tics of objects and their interactions,

COMMUNICATING

Reporting observations and experimental procedures aﬁd'iesults.
Communciation may be oral or written and may involve the use of graphs,
charts, diagrams and pictures.

COMPARING.

Comparing is a distinct process by which people systematically examine
objects and events in terms of similarities and differences, By comparing
the known to something unknown, we gain knowledge about the unknown, Al
measurements are forms of comparing, ’

~ MEASURING

Developing a comparative or quantitative description of such pro-
perties as length, area, volume, weight, mass, temperature or speed,

ORGANIZING

Knowledge of principles and laws is gained aonly through the systematic
compiling, classifying, and ordering of observed and compared data. Bodies
of knowledge grow from long-term organizing processes,

COLLECTING DATA

Collecting and organizing information obtained through observation or
reading, Preparing tables of data, constructing graphs,

CLASSIFYING

Recognizing patterns. Grouping or ordering objects or events based on
common properties or existing relationships according to a scheme
devised by the observer,

RELATING

Relating is a process by which concrete and abstract ideas are woven
together to test or explain phenomena. Hypothetical-deductive reasoning,
coordinate graphing, the managing of variables, and the comparison of
effects of one variable upon another contribute to attainment of the
"grand" ideas of science,

7 17



USING SPACE/TIME RELATIONSHIPS

Estimating the relat1onsh1ps of moving anc of nonmoving objects to one
anothar,

FORMULATING HV?OTHESES

Stating a probable explanation for some ocurrence which is subJect to
testing by one .or more experiments,

IDENTIFYING AND CUNTROLLING VARIABLES

ldentifying what will vary or change in a given 1nvest1gat1on.
Setting up investigations that measure variables. :

EXPERIMENTING

Experimenting is the process of designing data-gathering procedures
as weil as the process of gathering data for the purpose of testing a
hypothesis. In a less formal sense, experiments may be conducted
simply tu make observations. However, even here there is a plan to
relate cause-and-effect, (n an experiment, variables must be iden-
tified and controlled as much as possible. An experimental test of a
hypothesis is designed to indicate whether the hypothesis is to be
accepted, modified, or rejected., In designing an experiment, limita-
tions of method and apparatus must be considered.

INFERRING

The process of realizing ideas that are not directly observable is the
process of inferring, and an ‘inference is s developed from a set of related
observations, The process leads to predictive explanations for simple and
complex phenomena, Arriving at a decision or opinion on the basis of
observation and/or past experience requires evaluation and judgement,

PREDICTING

Using previous information to make decisions about what might happen
in the future.

FORMULATING MODELS

Models, whether physical or mental, are devised on the basis of
acceptable hypotheses or hypotheses that have yet to be tested.
Models are used to describe the interrelationships of ideas. [n many
cases the model implies new hypotheses; if testing these hypotheses
results in new information, the model must be altered to include it,

78
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- INTERPRETING DATA -

Interpreting data requires the application of other basic process
skills-~in particular, the processes of inferring, predicting, clas-
~sifying, and communicating. It is through this complex process that
' the usefulness of data i1s determined in answering the question being
. investigated. Interpretations are always subject to revision in the
light of new or more refined data.

MAKING OPERATIONAL DEFINITIONS

Operational definitions are made in order to simplify communication
concerning phenomena being investigated, In making such definitions
it is necessary to give the minimum amount of information needed to
differentiate that which is being defined from other similar
phenomena, Operational definitions may be based upon the observable
-characteristics of the phenomena and upon the operations to be per-
formed. Operational definitions are precise and, in some cases, based
upon mathematical relationships,

APPLYING | .

Use of knowledge is the'agglxing of knowledge{ Inventing, creating,
problem-solving and determining probabilities are ways of using informa-

_ tion that lead to further information,
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APPENDIX B
SELECTED RESOURCES

GENERAL REFERENCES FOR INSTRUCTION AND PLANNING

Daedalus, Journal of the. American Academy of Arts and Sciences Vol 112, #
pring, 1983 (Entire issue on Scientific Literacy).

- 4 MAT AND SCIENCE, Bob Samples, Bill Hammond, and Berhice McCarthy, Excell,

Inc., 1985,

Learning How to Learn, Joseph Novak and D. Bob Gowin, Cambridge University
Press, 1987, - : .

Reforming Science Education: The Search for a New Vision, Paul DeHart

Hurd, Council for Basic Education Occasional Paper #33, 1984,

Five Kingdoﬁs, an_Illustrated Guide to the Phyla of Life on Earth, Lynn

Margulis, KarTene Schwartz, W, H. Freeman Co., 1987,

PERIODICALS

American Biology Teacher, National Association of Biology Teachers, 11250
Roger Bacon Drive, Reston, VA 22090

Astronomy, AstroMedia Corp., 625 East St. Paul Avenue, P.0. Box 92788,
Milwauze, WI 53202 '

The Earth Scientist, National Earth Science Teachers Association, c/o Dept.

of Geological Science, Michigan State Unviersity, East Lansing, MI
48824

Educator's Guide to Free Science Materials, Educator's Progress Service,
Randolph, WI 53956

Journal of Chemical Education, Circulation Service, 119 West 24th Street,
4th Floor, New York, NY 10011

Journal of Environmental Education, Heldref Publications, 4000 Albemarle
Street NW, Washington, D.C., 20016

Journal of Geological Education, National Association of Geoiogy Teachers,
P.0. Box 368, Lawrence, KS 66044
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Journal of Research in Science Teaching, National Association for Research

in Science Teaching, John Wiley and sSons, lnc., 605 Third Avenue, New
York NY 10016 _

| The ans1cs Teacher, American ASSOC1at1on of Phys1cs Teacher, Graduate

Physics Building, State Univeristy of New York, Stony Brook, NY. 11794

Science and Children, National Science Teachers Association, 1742
Connecticut Avenue, NW, washington, D.C. 20009

The Science Teacher, National Science Teachers Association, 1742

Connecticut Avenue NW, Nashington, D.C. 20009

Scince Activities, Heldref Publications, 4000 Albemarle Street NW,
washington, D.C. 20016

¥

Sky and Telescope, Sky Publishing Corp, Harvard University Gbservatory,
Cambridge, MA 02138 _

Washington Science Teachers Journal, c/o Dr, Robert Christman, Editor,
ggg;ggy Department, Western washington University, Bell1ngham, WA
%

RESEARCH REPORTS

A Nation At Risk: The Imgerat1ve for Education Reform, The National
Commisson on Excellence in Education, U.S. Department of Education,
1983

Academic Preparation for College: What Students Need to Know and Be Able
to Do, The College Board, 1983

Educating Americans for the Twenty First Century, National Science Board
Commission on PreColliege Education in Mathematics, Science and
Technology, two volumes, National Science Board and the National
Science Foundation, 1983

The Global 2000 Report to the President: Ent@ﬁing the Twenty First
Century, The Council on Environmental Quality and the Department of
State, Superintendent of Documents 1981 :

PROCEEDINGS: A wrrk1ng,Conference on Sciencé Education for Handicapped
Students, Helenmarie Hoffman, Editor, National Science Teachers

Association, 197&

Research Within Reach: Science Education, David Holdzkom, Pamela Lutz,
Eaitors, Research and Development Interpretation Service, Appalachia
Education Laboratory, Inc., 1985 .

-
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Tomorrow: A Report of the Task Force for the Study of Chemisty Eduuat1on
in_the United States, The American Chemical Society, 1984

what Research Says to the Science Teacher, Four Volumes, The National - 5
Science Teachers Association, 1978-1982 : - R

SCHOOL SCIENCE SAFETY

“ Better Science Through Safety, Gerlovich, Jack ang Downs, Gary Cos
lowa State University Press, 1981,

Hazards in the Chemical Laboratory, Brether1ck L., 3rd ed., London
- Chemical Society, Royal Society of Chem1stry Publishers, 1981.

Manual of Hazardous Chemical Reactions, National Fire Protection
Association, 1980,

onveme—

laboratonxn National Institute for 0ccupat1onal Safety and Hpalth
U.S. Department of Health and Human Services, 1980,

Prudent Practices for Disposal of Chemicals from Labcratories, Committee on
Hazardous Substances in the Laboratory, Commission on Physical
Sciences, Mathematics and Resources, National Research Council,
National Academy Press, 1983,

SC1ence Safety for Elementary Teachers, Gary E. Downs and Jack A. :
Gerlov1ch lowa State University Press. 1983. :

SUPPLEMENTARY RESOURCES ' /

o
A

AAAS Science Books and Films,~11Ql Vermont Avenue NWw, 10th Floor, Box B,
Wwashington, D.C. 20005,

AAAS Science Resources for Schools, 1776 Massachusetts Avenue NW,
Washington, D.C. 20036. ‘ .

The Chailenge of the Unknown, Karol Media, 22 Riverview Drive, Wayne, NJ
07470

o

Seven free programs about mathematical problem solving in efither
video or 16mm film format: Situation, Information, Restatement . -
Qutcomes, Management, Estimation, Arguement,

ERIC/SMEAC Clearinghouse for Science, Mathematics and Environmental

Eg;igtion, The Ohio State University, 1200 Chambers Road, Columbus, OH
4 . ) .
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Heath Earth Science Teacher's Resource Book Heath Life Sc1ence Teachers

Resource Book, Heath Physical Science Teather S Resource Booko D.C.
Health and Company, Lex1ngton, MA. - N\

Ei ' Mathematics, Engineering, Science Achievement, 353 LOEW MS-FH18 College
of Eng1neer~ng, Un1ver51ty of wa§ﬁ1ngton Seattle, WA 98195-

S MESA is designed to increase the number of underrepresented minorities
- in mathematics, engineering and physical science related professions,

National AudioVisual Center, 8700 Edgeworth Drive, Capitol Heights.
Maryland 20743-3701..

(34 AV programs in science educat1on, federa11y produced AV materials
at low cost,) . .

NSTA I ‘o-y of Science Education Suppliers, 1742 Connect1cut Avenue -
Nw, ashlngton D.C. 40009 S

Free directory with 11st1ngs of companies which provide science
equipment and supplies, mediu producers, and publishers of textbooks,
tradebooks, and resource materials, Also included is a list of
educational services, s~ftware buying tips, science material ordering
checklist, and microcompuer software evaluation i.strumeat,

Project Learning Tree, K-12 interdisciplinary supplementary curricula
related to forests and trees c/o Washington Forest Protection Assn.,
Evergreen Plaza Bldg., C:ympia, WA 98504.

Project Wild, K-12 interdisciplinary supplemen*ary curicula about wildlife
and habltat, c/o Washington Game Department, 600 North Capitol Way,
Olympia, WA 98304

The Search for Solutions, Karocl Media, 22 Riverview'Drive, Wayne, NY 07470,

‘Nine 18 minute'program3°in Video or 16mm film format on the following -
topics: Investigation, Evidence, Theory, Trial and Error, Patterns,
Context, Modeling, Predicticn Adaptation. (Free).

sourcebnor for Elementary Science, Harcourt Brace Javanovich, 757 Third
Avenue, New York, NY 10017. -
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* APPENDIX C

THE NATURE AND THE LANGUAGE OF. SCIENCE

In urder to assist the educator to portray the ten.ativeness of the human
engeavor known as science, the following categories are displayed as a
language reference base. Much of the data here reflect work done by M.8.
Ogunniyi of the University of [badan, Nigeria, as he worked to explain the

methodotogical inquiries of science to educators. '

The terms concept, theory, and law are each analyzed from the frame of
reference of 1ts 1) definitions] 2) characterization, 3) function, and .
4) how it cosld be formed, An extensive review was made of the
philosophical.literature relating to the nature cf science and its
language, and seven individuals emerged as providing the most influential
insights. They are R, Carnap (C), C. G. Hempel (H), P. Frank (F), J.

6. Xemeny (K), E, Nagel (Na), L. Nash (Ns), and K. Popper (P). Each

‘statement on the following lists is coded with tye philosopher's initial in

parentheses. ' Where all philosophers agree, the statement is coded with
(2). - ' :

The source material for this appendix comes fron an article by

M. B. Ogunniyi, entitled "An Analysis of Prospective Science Teachers'
Understanaing of the Nature of Science," from the Journal of Research in
Science Teaching Vol, 19, #1 pp 25-32 [1982), John Wiley & Sons, Inc.,
publisher, Data noted here is quoted with the kind permission of

John wiley & Sons, Inc.

CONCEPTS

DEFINITION:
Concepts aré the meanings attached to scientific terms. (H)

Concepts are the meanings given to names, symbols or ideas about natural
phenomena. (P!

HARACTERIZATION:

Concepts can usefully be divided into three main classes: classificatory,
comparative and quantitative, (C)

Concepts constitute the language of science. (F)

Concepts cannot be logically reduced to classes of experience f(i.,e., finite
number of observable instances). (P)

Not all concepts can be operationally defined, (Z)
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FUNCTION:

Concepts are scienti®ic terms which convey special mean? ngs and are used in

the formation of laws and theories about regularities in nature, (H)

FORMATION: "™

m———. B¢

Formation of concepts is attempted by the use of inductive methods. (C)

Concepts are invented (i.e. involve more than induction, but also
imagination or leap)._ (Na) :

Formul ation of concepts is attempted purely by the use of deduct1ve
methods. (P)

Empirical concepts are terms which derived their mean1ngs from observations

of nature. (2)
THEORIES

DEFINITION:

Theories help expla1n, predict or retrodict uniformity in natural
phenomena. (H)

Theories are general propositions which are more credxble than hypotheses

but less credible than laws. (K)

Theories are confirmed Hypotheses. (K)'

. Theories are universally adequate systems of explanation., (Na)
Theoretical concepts are composed of nonobservables. (C)

Theories can never be explicitly defined on the basis of observational
terms, (C) ‘

Theories are "tools" that assist us in gaining knowledge about the worla
around us., (F)

Theories seek to explain regularities of natural phenomena and to afford a

deeper understanding of the phenomena in question. (H)

CHARACTERI ZATION:

Theories 1ike physical tools, help organize "raw data." (Na)

Theories must contain at least one empirical concept in order to be
understood. . Z)
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Laws and theories cannot be proved to be true or false. {(opper would
rather say that while laws ana theories cannot be proved to be true, they
con be faIS1f1ea) (Z)

Without theories. we do not know what to observe. (F)

FUNCT LON: |

Theories are general assumgtions or instruments used for conducting
scientific inquiries. (Na |

Theories are postuiational systems that describe natural events. (Na)

Theories function as correlative and explanatory devices in the explanatlon

‘of nature, (Na)

FORMULATINN:

Theories are formulated-through the use of inductive methods. (K)

Theor1es are derived from hypotheses of highest credibility- on the basis of
observations., (K)

{he3r1es are created through imaginative 1n51ghts of certain scientists,
Na
LANS

DEFINITION:

Laws are statements of approx1mat1on assert1ng uniformity in natural
phenomena. (H) | /

A law is a description of records of events which occur in nature. (K)
Empirical laws are inductive ge*-‘ralizations about natural phenomena. (Na)
Laws are linkages between related natural phenomena or events., (Na)

CHARACTERI ZATION:

Some laws in science contain theoretical concepts, but no empirical
concepts. (C)

Laws are only proved or confirmed by their consequences., (C)

Laws make plausible to us why certain natural phenomena take place in
certain ways and not in others. (F)

Laws in an empirical sense confirm truth about experience. (H)
86
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Laws may be considered to be true statements, but theor1es can only attain
a1rferent degrees of credibility. (K) _ .

Empirical laws possess determinable empirical content, (Na)

Laws and theories are falsifiable but not verifiable. (P)

Laws and theories cannot be proved to be true or false. (Popper would
rather say that while laws and theories cannot be proved to be true, they
can be falsifiea). (Z)

FUNCTION: - . , ' . v

Laws are synonymous with hypotheses or theories and are probable statements .

‘'of postulates that explain physical regularit1es or observable physical
-effects, (P) -

Laws and theories are used to expiain facts (observatinns). (2)

FORMULAT [NN:

Laws are products of the human mind arrived at through induction or
jmagination. (F)

Laws are inductively formulated although the steps of the log1cal processes
are not well known, :

%mp;r1cal or experimental laws ara formulated by u51ng indictive methods.
Na

Laws are human inventions. (Na)

Laws are formulated purely by deductive methods. (P)
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